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CINEMANALYSIS; A METHOD OF BEHAVIOR STUDY* 

From the Yale Chnie of Child Dsvchpvietit 


Arnou) Gbsell 

TJie cinema makes available for study {a) the bchavioi moment, 
(b) the behavioi episode, and (c) the developmental epoch. The 
behavior of tlie human infant is fundamentally oidercd by ascer¬ 
tainable, though poorly undeistood, laws of giowth. Behavior is 
moulded into characteiistic forms by viitue of these laws of growth. 
And such forms, whether statically or dynamically regarded, may 
be investigated from the standpoint of a developmental morpholog>^ 
Cinematographic metliods aie indispensable for such investigation, 
Elsewhere we have indicated the gcneial significance of cinema data 
for comparative and genetic studies (14). The present paper deals 
more specifically with the principles of cincmanalysis, 

It 18 interesting to recall that the development of cmcmatogiaphy 
has been closely associated with an interest in the problems of animal 
and of human motion Tins is the centennial ycai of photography, 
In 1834 Dagueiie announced the fundamental process which lies at 
the basis of the cinema The study of motion was necessarily 
delayed because to make a single exposure on one of Daguerre’s 
metal plates consumed fully 20 minutes of time. But in 1861 
Sellars, an ingenious inventor of Philadelphia, was using a moie 
nenily instantaneous photogiaphic process to take a sciie«5 of pic¬ 
tures of his son in the act of driving a nail These pictuus repre¬ 
sented successive phases of a bchavloi event. By placing the indi¬ 
vidual photographs on a paddle-wheel device, he rcpioduccd the 
impression of motion. Tiie paddle wheel was moie oi less on the 
piinciple of numerous optical toys, variously named kinetoscopc, 
phasmatiope, stroboscopie, zoctropc, zoopraxascope, etc They were 
peep-show, wliiil-a-gig devices, one of them was called tlie Wheel 
of Life. 

In time they proved to be more than toys Miles (6) has given 
us an inteiesting account of the motion study laboiatory set up at 
Palo Alto in the later cnviions of Lelatid Stanford Junioi Uni- 

•Bnsed on n paper read nt the First Biennial meeting of the Socicly for 
Research in Child Development nt Washington, D. C 

3 
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versity This laboratory was the result al the senior StAnfoid’s keen 
inquisitiveness about the details of the stride of a (-allopinK horse 
He had a breedcr*s interest in the problem. He cnlistcil the ser¬ 
vices of Eadweard Muybridge. Muybiidgc. with the help of John 
Dove Isaacs* a mechanical engineer who devised the clcctricnl equip¬ 
ment, erected a row of 24 cameras parallel to a running field across 
which the race horse galloped. Twenty-four double focnl-phinc 
shutters, one for each camera, were released in rapid succession. 
Twenty-four wet plates were developed and 24 indi\'idunl photo¬ 
graphs were inserted in Senator Stanford's stroboscope. 

In the early 90’s, as a result of tlie combined cRoits of Kilison and 
of Eastman, such successive photographs were for the fiisl tune made 
upon a continuous flexible film which was projected in succcscive 
flashes upon a motion picture screen. Silent cinematography had 
arrived. Still later sounds and speech were incorpoiatcd into the 


cinema film 

This remarkable technological advance has made clncm.itogr.ipliy 
a powerful instrument for scientific investigation. For example, 
eight feet of 16-mm. film embodies 320 individual, scruued photo¬ 
graphs or frames, recording and reproducing 20 seconds of hcliavior. 

Cmemanalysis consists in an analytic study of such individual 
frames or chronophotographs, A chronophotograpli may he de¬ 
fined as one of a series of photographs of a moving object taken for 
the purpose of recording and exhibiting successive pliases of motion. 

Cincmanalysis, as a method of investigation, is made possible by 
five fundamental features of technique, as follows? 

1. The film being propelled at a known speed minutely records 
time values and sequences. 

2 Simultaneously and also minutely the film records space re¬ 
lationships and configurations. 

3. ^ The film records these spatial and tempornl data in a series 
of discrete, instantaneous registrations. 

4. These registrations can be serially reinstated at normal, re¬ 
tarded, and accelerated rates. 


5.^ Any single registration can be individunlly studied, in terms 
0 time and space, as a delineation of a single phase of a behavior 
pattern or a behavior event. 

These five propositions are extremely simple but tlicii mcthodologi- 
mphcations for objective behavior study arc fai reaching. We 
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can illijstiate these implications on three levels of analytic ohseiva- 
tions: (I) Slow A'lotion Study. (2) Selective Pattein Phase Analy¬ 
sis (3) Minute Pattern Phase Analysis 

For the sake of concictciicss oiii comments will be diiected to 
actual denionstiation mateiials, indicated by the accompanying illus- 
tiations. 

1 S/rnu Motion. (A slow motion picture of a pan of infant 
hands, manipulating a cube, was slunvn See Figuic 1,) Tins 



FIGURE 1 

Two Frames SficcrKD from a Siow-Motiom Cinima Record, Phpicmno tiii 
'iRANSrCR OF A CuRL KV A 36-VVcrKS-Oi I) Iniane 

pictuic delineates the patterns of manipulation in sloAved motion 
In the oiiginal record 32 “chionopliotographs” were taken each 
second These frames aic piojcctcd, howcvci, at the rate of 16 pei 
second, giving an impression of deliberate motion Eiglueen seconds 
of behavior are shown in 36 seconds of time. Slowed motion is, in 
a sense, a method of cinemanalvsis It peimits a more intimate and 
more complete view of any pattern of motion. You can indeed sec 
more deeply than with the unaided eye. And of couise you can see 
the same film twice, thrice, or a score of times With this tech¬ 
nological reinforcement you arc at a great advantage, for without 
the cinema you can see the living child perform a given act only once 
But even slowed motion is too elusive The only successful way to 
study motion is to stop it But the stoppage of a film moving 
through the channel of a projector presents mechanical difficulties 
and practical inconvenicnccb winch arc not altogether overcome by 
a moviola The stilling devices of a commeicial projector proved 
unsatisfactory foi laboiatoiy analysis. It wms awkward to work 
witli images on an upnght scieen For svfctcm.itic study it was 
neccssaiY to make the images more acces-.iblc «\ml to bring them undci 
moTC intimate contiol 


6 


ARNOI-D 01 Si I > 


These needs hnve been met by a tick Ijpc <,f 
by Halverson (5) Oiir latest model of tills desk 
bodies several mechanical Icatu.cs rvl.icl. mcease tbe HeMliil.tl ol 
tinemanalvsis. Each frame is automatically rei;istei.sl In a iniiiit.'. 

as It passes thiough the projector -riiis p.ojectoi laii ... 

cQiitmuously by motor in lonsaid or .«<■•«• Oi i' tao he npei.Me.l 

intermittently by band, fonvaid and ifvcise, at sl.in ni fast ml. - 
The image is piojcctcd upon .1 kioiiiuI gl.iss winilnw nl tin- 
desk Tins permits convenient inspection. 

Once the film is iii the piojcctoi, the opcratoi ni.u licr/r m 
activate the behavior to suit (ns obscrvatioiul f.uicj (.uni uhtUM'in >**) 
The behavior vecoid becomes a*, pliant to dissct-tmn .is .1 pivic ul 
tssuc Any phase 01 strand of bclmvioi m.iv \w lAposrd m \ u‘\\ 

If the view IS an intricate one it mav be ropc.um! miiiinniK tiinis 
without 111 any waj' damaging tlic original rcund lime llir ^ll'•'l'l- 
tion of behnvioi forms lias .1 striking advaiU.ige nvci .iiitihtmu.il 
dissection Bodily tissue suffers fioni the scalpel, Imt thr mtigiiis 
and conformation of behavioi cannot be dcstroyrd bv icpiMii’d cib- 
aervation A behavioi toim can be dissatcd ovci .ind ust'i .i|Min 
in increasing detail without loss of form 

If one projects the individual fiamcs (chionophotitgiaplis) mi tin 
projection desk at the late of one pci second, one gels :i si.m.ito 
succession of intermittent stills. If two fiamcs ppi snoinl .ue piu 
jeeted, one gets an illusion of slowed but conBiicnt motiun '1 hh 
rate gives one a good analytic grip on the d.it.i undiM olwis.ition 
When the grip falteis, one simply levciscs the* ciank and tln‘n 
views the sequence again. 

This tvpe of slowed motion should of couisc he distingin..lu*d tioin 
the type of slow motion which has ahc.uly been illvistiutnl Slow- 
motloii photography is b,iscd upon an incicasc in the inimhri of 
iiuhvidual frames iccoidcd per second. Such multipliLation of 
frames therefore incicases the minuteness of the oiigiiial leund In 
the physics laboratoiy the astounding numbci of 6.000 disi ictc ex¬ 
posures per second has been attained. The ordiimiy piuhleins ol 
behavior analysis do not rcquiic suck a dcgiee of iclinemcnt Six¬ 
teen frames per second furnish an almost inexhaustible detail of 
behavior delineations. Foi intensive cxpcnincntal annUsis, de¬ 
pending on the nature of the piollem, the nuinhci of fianies ju-i 
second can be profitably increased 
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2. Selective Behavioi Pattern Phases. It is now evident that in 
degree of detail cineman4alysis can be adjusted to suit tlie require- 
nrvents of the problem m hand and the interests of the observer. For 
cmcmanalysis, it must not be forgotten, is a ractliod of obseivation. 
Because of the very comprehensiveness of the data under scrutiny, 
the observer must finally select those phases which aie pertinent to 
his investigation of the morphology or of the dynamics of behavior 

For illustiatioiij consider 20 seconds of the behavior of a 20-wcclcs- 
old infant. The infant has been normativcly selected He lies 
supine. The examiner, with standardized procedure, slowly brings 
a rattle above the infant’s chest to elicit visual fixation and pie- 
hensory leactions The behavior episode is fully recorded in 8 feet 
of 16-min. film winch at normal speed can be observed in 20 seconds. 
In one houi of actual observing duiation, it could be seen 180 times. 

Depending upon the kind and amount of observation expended, the 
behavior episode may be dcsciibcd in a single phrase, m a single sen¬ 
tence, 01 in a single paiagiaph, oi in several paragiaplis, or in an 
exhaustive inventory of detailed analytic items. In the pictorial 
delineations of An Atlas of Infant Behaviot (4) a bcliavior situation 
of this type is depicted in eight selected cinema fiamcs, coriespond- 
ing to eight salient pattern phases of the entire behavior episode. 
This series of eight pbotogi.iphs, together witli the associated text, 
reconstructs the essential features of the infant’s behavior. The text¬ 
ual description is leprodviccd below: 

UATTLIi SITUATION 20 0 seconds 8 phases 

4^0 25 seconds Rattle ts ptesenied in midplanc over etiest, 

0 25 Infant hca supine, head in midpoaillon, trunk slrnight, 
arms Hexed, etused hands engaged on chest; legs acutely 
Hexed in outwaid rotation, feci in contact 2 inches above 
platfoim Regards inltle. 

B 425 seconds Lifts foieaims ovei chest, opening hands, fin¬ 
gers in contact 3 25 Turns head half right, swinging 
shoulder toward right and pelvis toward left, regards sur- 
loundings 5 75 Closes right hand. 6 0 Turns head to mid- 
position, straightens shoulders, pelvis remaining deviated 
to the left. Regards rattle 7 0 Scini-cxtcnds aims over chest, 
hands in contact. Yasvns 

C 9.0 seconds Separates hands, scmi-extcnding aims verti¬ 
cally in Intcr.'il chest zone, opens right hand 10 75 Semi- 
extciuls light aim headward on platform. 12 25 Scmi- 
extends arms mcdiislly over chest, hands appioaching risttlc 



AR1«0LD ohscll 


E 


D 13 0 seconds Grnaps radk in riglit Imnd, H'Kcr* 

over handle; dorsum of left hand (ouclu-i HkIh hand 
13 75 Extends left arm somewhat medinlly o^'cr alulomcn, 
hands separating Scmi-extcnds right arm lalcrall>, 

forearm lifted slightly above platform. ^ 

1475 seconds. Turns head half right, tuminK shmililcra 
toward right, pelvis deviated toward left. 

E 15 75 seconds, Semi-cxtends left arm medially across ihesi 
toward rattle in right hand. Id 25 I'lcxei right arm, lift¬ 
ing forearm vertically in lateral chest zone. Id ILniids 
engage over right chest. 

G 1775 seconds. Flexes arms, directing forearms niediallj over 
chest and lifting rattle to mouth Regards BiirrovnuluiKs 
19 0 Holds rattle over cheat; turns head to niidpiisilion 
19 5 Straightens shoulders, pelvis deviated to left Kcgnrds 


rattle, 

H 20,0 seconds. Separates hands, lifting right forc.ann ver¬ 
tically in lateral chest zone, opens right hand, dropping 
rattle between knees, semi-exlenda left arm mcdinlly ovci 
abdomen, hand on left knee. Regards Examiner (20 scr ) 

The foiegoing text, in canjunction with the cislit dclmc.'itivc piio- 
tographs, gives us a relatively complete picture of the entire lieh.wior 
sequence. If the investigator had chosen to explore only one aspect 
of the behavior, like visual regard, head movements, or leg .ittivity, 
he would still have used the same method of sclccling signiflc.int 
pattern phnseSv The detail and. tKm:QugUnes,& nt &\ich ‘•electing Nvtiu'd 
depend upon scientific objective and practical conventcnce. 

3. Minute Pntiern Phases. In order to demonstiatc tlip wealth 
of behavior content which is contained in a single situation, we have 
made a frame-by-frame analysis of this particular cinema iccoul. 
The 16*mm. film for 20 seconds of behavior is eight feet long and 
consists of 320 frames. Each frame v^s individually inspected witli 
regard for every member of the body. Behavior pattern pli uses weic 
determined for head, eyes, mouth, right arm, right hand, right fingcis, 
left arm, left hand, left fingers, thorax, pelvis, right leg, light 
oot, right toes, left leg, left foot, left toes. For piiiposcs of classifica¬ 
tion, these behavior phases fell into three categories: (n) a oitual 
phase m which the member is at rest or undergoes a complete slnft 
or teversa o rnovement, (t) a hmetic phase when the movoinent is 
un er way, (c) a phase of tesolntion or culmination when tins pai- 
ttcular movement is completed or resolved. 
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FIGURE 2 

Etsiir Frames (CrmoNoniorooKAi'tis), Duiniaiing Eiciii Fiiasis oi Ivvcm- 
rv CoNsicunvi btcosns or BrnAVioii 

These are as follo\%» (lejdin)' the pictiiivs fiom lo|> to bottom), A, D2S 
seconds, ii, 4 25 seconds, C, 9 0 swonds, 1), 110 seconds, E, 14 75 sccotuls, 
I, 15 75 seconds, G, 1775 seconds, H, 200 seconds 

This analysis yielded a total of 360 pattern phases, which aic 
tabulated in Table 1 foi each of the 17 body members and eacii of 
the 20 seconds, Even the baic table foi this biief iiiCeival of be- 
iiavioi discloses ceitain dynamic ticnds To dctciiniiic tiattciii 
cliaiactciistics, howevci, it would be nccessaiy to study tiie tlata in 
scattei duafinim atiav* m tiine-spacc teum, and ascettaiii the se¬ 
quences, synchionizatjoii, and diicctions of movement The baie 
llguics aic picscnted heie, without inteipictauon, simply to show 
the stiiking degiee to which cinemanalvsis c<ui aiifjiiicnt the scope 
and the ccititudc of obscivation A total of 360 behavior ihit.i with¬ 
in a time span of 20 seconds attests the lefiactive powei of ciiicm.i- 
nalvsis as an aid to scientific obscivation, 



TABLE 1 


12 


ARNOLD CESBLL 



TABLE 1 (Conltnued) 
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Phases (r) resoiutionlO 
Totals 24 
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' FIGURE 3 

j A PrcrORMf SUMitARV of ClhEMANAt,«K PROCEDURES 

THla shows. (1) photographic observation and retouling dome by wliith 
the cinema records trere secured, (2) a specimen section of 11 fnmes fiom 
a 16‘mm, rincma reeoiil; (3) the analytic projection desk for the study of 
(he records, (4) tray In which reels are filed and cnincd, (i) n single 
reel with take-up rci) read) for insertion in analytic disk, (6) a double 
spindle rack for give and take reels, assembled foi serial oi comparative 
study; (7) a specimen icrord of a behavior pattern analysis, (8) a diagram 
of a supine infant (upper left hand comer), showing behavior pattern 
phases for the four body segments, as detailed in the text, namely I, Head, 
n, Upper limbs. III, Trunk, IV, Lowei limbs 

riic (liagraiti, Figuic 2, gives a furtlier indication of tlie piodigious 
complexity of behavior events when they ate placed iindci the high 
poUei* of fr«tnvc-bv-fi,iir)c analysis. The behavioi components aie so 
m^iiierous that they attain statistical magnitudes in a vciy biief Inter¬ 
val The diagram divides the activity of the infant intb four be¬ 
havior Segments; I Head, II Upper Limbs, III TiuiiH, and IV 
Lower Limbs Wc find that the pattern phases distribute them- 
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selves with reference to these segments as follows. I head 13, eyes, 
44, mouth 9, total 66, 11 right arm 40, right hand 34, right fingers 
29, left arm 34, left hand 36, left fingeis 34, total 207; III, thorax 
8 , pelvis 5, total 13; IV. right leg 7, right foot 9, right toes 12, 
left leg 7, left foot IS, left toes 21, total 74. Grand total 360. 

It IS not suggested that the multiplication of analytic minutiae will 
in itself advance our comprehension of behavioi But it can be safely 
stated that there are fundamental problems of behavior form and 
behavior dynamics which will not be solved until we systematically 
penetrate those minute manifestations which are made visible only 
through the microscopy of cincmanalysis. 
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L'ANALYSE CINCMATOGRAPIIIQUE UNE MfiTIIODE DE L’lVlUPE 
I5U COMPORTEMENT 
(R£sum^) 

L'analysc cuidmatogi .ipluque cst unc mithodt fondamcntnic pour I’observa- 
tion ct l'6tude (Its phenomenes du comportement Le film cinimnlograpliiquc 
c6do clcs donntes inoiphogrnphiqucs pom I’etudc {a) d’un seul inomciil du 
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comporteraent, (i>) d'un Episode entier du comportemenf; (c) d'un£ siic- 
cessioft d^veloppemenfaJe ou cydique, A ’side d^ua bureau sp^cialeraenf 
coflstfuit quj comprerd un pn>;ecteur opiti & la roam (et rma en marchc 
por un moteur), il eat possible de rMtaurer en s^ne lea phasea enregiatrica 
dll coinportement k des vitessea fiormalsa, retard^es et accdldrdeB, La poa- 
Bibiliti d’une inspection rip6t^e du compottcroent original donne un poiivoir 
unique de dissection k cette ro^tliode. On pent ^tucllcr lea enregiatrements 
du coroportement i troU nlveaus d’analyasi (1) la motion rakntic) (2) 
I’analyse selective des phases des formes, (3) I’analyse miniiticiiso dca 
phases des formea. Lea prmetpes g^n^raut de Tanalyae cin^matogrnphiqire 
i ces trois niveacii sont illustrii par dfis chronophotographiea ct un dia- 
graminc. Vjngt sccondes du coTnportemcBt aont analyaeea en detail dona 
un clichi apris I’autre, cidant un total global dc 3d0 phases dc formes. 
Ces phases sont rfeaum^es avee de eouites observations pour indiqucr la 
pdn^trabifik microscojiiquc de I’analyse cm^nifltographique La m^thode 
est indispcJiaabJe pour I’lnvestigatiou dea problimea fondamentaux dans 
la dynamique et la morphokgle de la forme du comporkment. 


r^eoDf.i 


KINEMATOANALYSE; BINE METHODE ZUM STUDIUM DES 
VERHALTENS 
(Refetat) 

Kinematoanalysc ist elne Grundmethode zur Beobnehtung und zum 
Studium des Verhaltens. Der Kinematoiilin verschaHt morphographischc 
Datea rum Studiuni eiues (a) eiaulntn Aageabikka dea Yerkahens, (i/) 
einer ganzen Verhaltungsepisodej (r) einer EntH'icklvings- oder zyklischcn 
Reihenfolge, Veimittelst eines besonders gebauten Pultes, dcr cinen hand- 
bmirkten (nuch mit Motor vcHcben) Projektionsapparat besitzt, ist cs 
moglich, die aii/genommenen Verhaltuiigaphasen zu normalen, gchemmten, 
und beschleunigten ^ Geschwmdigkeiten reilicnweise wietlerzugeben Die 
Moglichkelt einer wiedcrholten Bctrachtung de% utsprungUchen Vcrhnltens 
vcrleiht dieser Methode einmalige ^erlegende Kraft. Verhahnngsnufnahmcn 
kdnncn bei drei Niveaua der Analyse studicrt vrerden. (1) bi verlang- 
samter Bewegiing; (2) bei auswahJender Musterphasenanalyse, ( 3 ) bei 
Heiiier Musterphasenanalyse Die aligemeitien Grundsdtze der Kmemnto- 
analyge auf diesen drei Nivcaos werden durch Chronophotographien und 
Diagrampie iHustriert Zwanzig Sefcunden dea Verhaltena werden Bild urn 
Slid in allem Detail analysierf^ was erne Gesamtsuinme von 160 Muster- 
phasen ergifat. Dieae Phasen werden jjiit einer Jtiirzen Anmerkung ^tir 
mllcroskopischen Emdringung der Kinematoanalyse ziisammengefasst Die 

MoSliji T Untersuchung der Grundprobleine m der Dynamik und 
MorphoJogie des Verhallungsmtrstcrs unenfbehrlich 


Gescl[, 



THE EFFECT OF RESTRICTED PRACTICE UPON THE 
REACHING, SITTING. AND STANDING 
OF TWO INFANTS* 2 

From the Psychological Laboratory of the University of Virginia 


Wayne Dennis 


Introduction 

Except when he is asleep, the young infant is almost continually 
active There are those who would have us believe that this activity 
contributes almost nothing to the child’s behavioial development, 
and that new items of behavior make their appearance as the result 
of something called maturation. 

The simplest way of testing this theory would be somehow to 
keep the infant inactive. This would involve the use of drugs in 
a manner analogous to CarmichacPs experiments upon tadpoles 
Obviously, such an experiment cannot be performed. However, it 
IS quite practicable to prevent the occurrende of ce/tmn kinds of 
activities One can deprive the infant of all objects for which he 
may leacli, or one may refuse to place him in a sitting or standing 
position, and one may find the lesult of such deprivation of normal 
activities upon wlmt Watson has called the stream of behavior. 

The present paper reports such a study. Mrs Dennis and I 
reared two infants from the end of the first to the end of the 
fourteenth calendar months of life under conditions of full experi¬ 
mental control Our full study is to be reported in a senes of 
papers of which this is the hrst member (Foi related mateiial, see 
lefciencEs 1, 2, 3). The picscnt lepoit is restneted to the study 
of grasping, sitting, and standing 


^Accepted for publication by Carl Mutchison of tlie Editorial Board and 
received in the Editoiial Office, Febiuary 8, I93S 
^This paper, in abbreviated form, was rc.id before the Southern Society 
for Philosophy and Psychology at IJirminRham, Ala, March 30, 1931- 

wish to acknowledge the aid of the Institute for Reseaicli in the Social 
Sciences of the Univeisity of Virginia, which was indis]>cnsnblc to this 
research It will be obvious from the text that Mrs Dennis was also an 
indispensable factoi IIci conlnbution was something considerably gi cater 
than the care of the infants but I cannot induce hci to become the co-author 
I wish (0 txpiess iny appicciation to Dr L T Royatei and to Miss Rose 
Williams of the Univeisity of Virginia Hospital foi thcii many kindnesses. 
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Subjects and Procedure 

Our subjects were fraternal twins, but the relationship of the 
infants is not an important part of the study Our original plan 
envisaged the use of only one subject, but the first inquiry for a 
subject to the Social Service Department of the University of Vii- 
ginia Hospital revealed an opportunity to secure a pair of non¬ 
identical female twins Tbe proftered twins were accepted because 
they enabled iis to double the number of our subjects with con¬ 
siderably less than a doubling of cost and care* Thus the twin 
relationship of tlic subjects was, from the standpoint of our prob¬ 
lem, purely accidental. 

Tlicir parents are of Nortli-Euiopcan ancestry. The father is 
a taxi-driver The mother, while at piesent unemployed, has been 
a saleswoman in department stores The father has no other chil¬ 
dren, the mother has two children by a foimei husband and these 
children are normal American urban children We were able to 
obtain the babies as subjects because the father failed to provide for 
them. Tlie mother undeistood that wc offered temporary care of 
the twins in return for the privilege of studying tlicm She under¬ 
stood the nature of our studies, and was most ccopciative throughout. 

The twins were born m the University of Virginia Hospital 
wlierc they remained for eight days. They were tlien taken to the 
home of relatives. On the 36th day they were removed to a room 
In our own home which was especially prepared for the expciimcnt. 
They remained either m this room or in a similar one in a summer 
cabin until the 428th day, or the end of the fourteenth, calendar 
month of age (the end of the fifteenth lunar month) The childien 
were born January 19, 1932, and the experiment ended March 22, 
1933 

The diet of the subjects was chosen wth the advice of Dr L. T 
Royster of tbe Pediatrics Department of the University of Virginia 
Hospital. During the early months the diet of the twins consisted 
of lactic acid milk, which was kindly prepaicd for us by tlie Hospital 
staff, and of orange juice. Soup, cereal and strained fruits and 
vegemblcs were introduced gradually during the seventh ‘calendar 
month, 

Although the twins were taken from their room very seldom, sun 
baths were given them dally before an open window, and their skin 
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was tanned throughout the experiment Cod liver oil and haliver 
oil weie given occasionally but not daily. A daily serving of orange 
juice was given throughout the experiment. Diphtheria toxoid was 
administered duiing the tenth calendar month but no other inocula¬ 
tions were applied. Throughout the experiment the babies lived 
m individual Kiddie-Koops^ 40)4" long, wide and 20" deep 

The entire care of the infants, except for a few vacation days, 
was administered by Mrs. Dennis and myself, so that we were 
in a position to know our subjects very thoroughly, and to carry 
out the experimental restrictions winch we desiied. 

Every one of the restrictions upon practice was introduced at 
the beginning of the expeiiment but none of them was continued 
throughout the entire period of the study In general, a restriction 
of practice was removed as soon as the fact was established that 
it had or had not affected the response which we expected that it 
miglit 

In Older to limit activities which might lead to tlie development 
of grasping, no toys were introduced until the subjects were eleven 
months of age. Tlie subjects were prevented from reaching for 
food by placing then hands undei a tightly held bib or napkin 
while they ate Bed-clothes were absent when the room was warm 
or were tucked in so tightly that they could not leadily be played 
with when the temperature demanded then presence. 

To restrict practice which might influence sitting, the infants 
were kept almost continually on their backs m their cribs. For 
many months they were raised out of the recumbent position only 
slightly even wlien m the tub or wlicn feeding Until tests des¬ 
cribed in later sections were made, tlic subjects were never placed 
on their feet, or held upright against an adult’s chest with an 
opportunity to push their feet against tlie adult's lap. 

During the first six months we kept a straight face in the babies’ 
picsence, neithei smiling nor fiowning, and never played with them, 
petted them, tickled them, etc., except for routine tests for social 
smiling and for laughing made in the fifth month. Likewise, 
for the first six months wc did not speak to the babies oi use oui 
voices in any wav which might associate our vocalizations with the 
c.iie of tiic babies, although we spoke ficcly to each othei when in 
the infants’ loom Thercaftci, howevei, wc behaved more noimally, 
often talking to tliem and lomping with them 
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The door to the nursery was kept shut, and the bahi'eg could see 
only the persons who entered the room. Throughout tlie expert- 
ment the cribs were sep«irated by a low scre'cn so that they could 
see each other only when they were out of the cribs, or, at a late 
age, when they u^ye standing in the cribs 

The babies could see tree tops and sky through the windows of 
the room hut nothing else was in tlieir view. No pictures were in 
the room, no ornaments, caivings, etc, of any kind, and no mirror. 
Of furniture there was only a table, chaiis, and chest of drawers 
Visitors were admitted but were required to adhere to the con¬ 
ditions prevailing at tlie time of the visit. 

Until the last few months of the experiment we conscientiously 
gave identical treatment to the two subjects. This was even car¬ 
ried to the 'extent of exchanging their beds each day and of daily 
alternating the baby which was to be fed by each experimenter. 
The two infants were fed simultaneously by the two cxpciimcntcrs. 

While we have little information of a scientific sort concerning 
the care which American infants icceive, it is my belief that the 
deprivations of practice just outlined are greater in degree than 
those of any children from which the normative data of other 
authors have been obtained ® 

The subjects were subjected to experiments of other kinds in 
addition to the deprivations of practice just desciibcd These other 
experiments will be reported separately. They did not violate the 
conditions laid down for the pursuit of the picscnt pioblcm, but 
the fact of their performance means that the babies were mucli 
busier than the preceding account in itself would indicate. 


Statistical Concepts 


The socio-economic status of the subjects, their ancestry and in¬ 
heritance, arc certainly repiesented in noimative studies of infant 
behavior. That is, the subjects were not selected in any abnormal 
way In consequence, unless someone can show them to be patlio- 


®Al one time I thought I had found a case of deprivation of practice 
equal to ourg m a mountain infant, who, became of the severe winter was 

“P However, upon visiting 

th< home at nursing time I found that at this time the infant was civcn 

i'"/ standing. The infnnt developed the 

usual behavior Kerns before the upper Hmita set by normative studies 
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logical, we must believe that had they been reared in a non-cxperi- 
mental American environment they would almost certainly have 
performed the usual responses within the usual age ranges set by 
normative studies. 

Evidence of their essential noimality in health and constitution 
will be presented later. If this evidence is convincing, it follows 
that any retardation of the subjects beyond the upper age limit of 
non-pathological American children in respect to the appearance 
of responses must be attributed to the experiment. In other words 
It IS held that if retardation of behavioral development occurs, our 
experimental conditions have caused it. The evidence for retard¬ 
ation is the postponement of a response beyond the upper limit set 
by normative researches. Just what amount of retardation the 
experiment produces cannot be said because it cannot be told exactly 
when responses would have ap|)carcd under non-experimental con¬ 
ditions ; it can only be said that they would have occurred at some 
age between the upper and lower extremes as determined under 
non-experimental environments 

It should be understood that the amount of postponement beyond 
the upper limit which may be found does not indicate the full 
extent to which unlimited adherence to our routine care would 
have affected the subjects. As soon as it was clear that a response 
had not been developed within the usual age limits, we tried to 
establish it by training the child. Without this training, the re¬ 
sponse might have appeared at a much later date, or not at all 

I have spoken above as if the normal limits of the age of appear¬ 
ance of a given response are quite definite. This is, of course, an 
over-simpIification Ratlicr it is that slowness of development be¬ 
comes moie rare as it becomes more pronounced, but extensive 
studies would show a few cases four and five sigmas above the mean 
age of development of the response When the age distribution for 
the establishment of a response follows the normal distribution 
curve, we can apply the usual statistical concepts Wc may say 
foi instance that if our subjects fall more than 2 78 sigmas above 
the mean in age of appe.irancc of any response the probability that 
we have pioduced an experimental cflfcct is 997 in 1,000. In sucli 
cases wc may be reasonably certain that the results arc due to the 
experimental conditions rather than to chance selection of subjects. 
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Results 

Reachinff and Graspinff a Visual Stwiulus Reaching and grasp¬ 
ing cannot he removed entirely irom the influence of practice be¬ 
cause the infant always has opportunities to reach his own extremities 
and to reach his bed and bed-clothes. Playing with the bed-clotlics 
was discouraged as described earlier, but it did occur to some extent, 
and the infants of course played with their own hands They also 
grasped their feet and occasionally the cvpeiimentei’s hand as he 
administered a stimulus This grasping may have been either visual 
or non-visual and it is unfortunate that we did not investigate its 
nature However that may be, our tests show a retardation in 
reaching for a dangling ring A dangling ring was presented once 
per day for forty days beginning with day 245 On each trial it 
was held above but within easy reach of the infant. The duration 
of each trial was 30 seconds. The child lay on her back in the 
crib Gesell’s norms show that at six months (180 days) 65% to 
84% of infants grasp a dangling ring. According to Shiilcy (8), 
the calipers used in her tests were reached for by 100% of her 
subjects at 154 days and grasped by 92% at that age. Wliile 
further norms are desirable, we feel fairly certain that with normal 
experience our subjects would have reached for a dangling ring long 
before day 245, Yet Rey never readied for the ring until the 
13th presentation and Del not until the 16th presentation. While 
the ring was fixated at every trial no attempts whatsoever at reach¬ 
ing occurred until the trials named above. In the case of each baby 
the first reaching had the appearance of developing out of some 
other activity. On Rey’s first rcacli her hands came toward the 
ring with her fists closed, her left fist touched the ling, it tlien 
opened, pursued and grasped the ring and brought it to her mouth 
On Del’s first attempt, her hands came toward the ring clasped 
togeiker Her clasped hands touched the ring. Thereupon they 
unclasped, her right hand pursued the ring which had been set in 
motion by the contact, grasped it, and brought it to her mouth. 
Del rcached'and grasped the ring fairly accurately and quickly with 
her right hand in 20 successive trials following her first success. 
In the last three tests she paid little attention to the ling and did 
not reach. Rey, after her success on the 13th trial made no attempt 
to reach again until the 19th, when she grasped the ring directly 
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With her right hand and did not move her left, which had brought 
the hist sucess. On the twentieth tiial she missed once with her 
right and then succeeded in the second reach with her right. She 
attained the ring readily in each of 20 consecutive tiials thereafter, 
using hei hands without preference I must conclude that the early 
failures were due to the deprivation of practice I-Iowcver, the 
speedy establishment of reaching when once it was attempted is 
worthy of note. The fact that the ring was pursued when it moved 
indicates that the reaching was visually controlled. 

Sitting Alone Sitting alone means the unaided maintenance of 
a sitting position when placed in it by the experimenter and when 
passive balance is sUgklly disturbed. It is important that this 
Italicized phrase be included. A child who stiffens his spine when 
placed sitting may remain upright several seconds merely through 
passive balance. Very likely it is this kind of sitting alone, rather 
than re<il balancing, which is occasionally present in the newborn 
(7, 1) There is as yet no reason to believe that real sitting is 
ever present at birth. 

The moat extensive norms for sitting alone are those of M C. 
Jones (4). She recoided whethei or not her subjects could sit alone 
for one minute. Wc arc interested only in the upper age limits 
of this ability. Jones tested 28 childicn between days 270-289; of 
these only two failed to pass the test. Of 21 cases beyond day 290, 
every one succeeded. 

In Shirley’s group (8) of 25 children, the upper range for sitting 
alone was the 35th week (245-252 days) and among seven biographi¬ 
cal studies analyzed by hci it was the 39th week (272-280 days) 
Gesell (5) states that sitting alone is almost universal among normal 
children at 9 months (270 days) Tinfert and Hierholzer (6) 
found that all of their subjects sat alone at nine months. 

Regardless of the lack of a common piecise definition, the studies 
agiee very well in showing that practically every cliild can sit alone 
at about 270 days of age. 

On day 263 Rey was placed in the sitting position on a pad on 
the floor (hei legs about 60 dcgices apait). When she inclined 
slightly backwaid or to cither side, she made not the least observable 
effoit to balance licisclf but fell toward the floor. (Naturally I 
caught hei before slic hit the flooi unless the tumble was a very 
gentle one ) This result was confirmed many times on that day. 
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However, when she fell forward her face was permitted to rest 
on the floor and she pushed herself upward with the arms and re¬ 
mained supporting herself with her arms in a frog-Iikc posture. At 
the end of three minutes I picked her up. Subsequent tests con¬ 
firmed the finding that she could support herself in this manner 

but in no other . . 

I was at first astonished as I had not expected that sitting, even 
though present, would be accomplished in this fashion, and my first 
impression was that the response was a totally new one. (None of 
the normative studies mention this response but since the completion 
of the experiment I have seen photographs of other children in this 
posture) A little reflection, however, showed that pushing tlic 
head and chest upward from tlie floor with the arms was a well- 
practiced reaction. She had been tested many times for the "chest- 
up” respome (8), and she bad been placed prone on several occa¬ 
sions for exercise because we saw no relationship between such 
practice and the responses which we wished subsequently to test. 
The performance on day 263 seems therefore to be the transfer 
of a learned response to a slightly new situation, the only difTcrcncc 
between chest-up and “frog-sitting” being that the legs were behind 
the trunk in the former and under the trunk in the latter. That 
this action can hardly be called true sitting is shown by the fact 
that in It the body was inclined far forward, and that when Rcy 
was placed sitting fully erect she exhibited no tendency to bnlancc 
herself. Although she was tested almost daily from day 263 onwaid, 
Rcy first sat for a few seconds with no support from her arms on 
day 326, a date far beyond the upper age range for this act in 
other children. By the end of the first year she could sit alone 
for many minutes, 

Del showed a similar course of development. Tested on day 
262 she fell to either side, backward, or forward as did Rey. When 
first permitted- to lie with her face on the floor she did not push 
with her nrms but cried instead On a second trial a little later 
in the day she pushed lierself upward slightly but started crying 
after 3 seconds and was picked up. Her improvement in sitting 
was gradual, but she sat for 20 seconds without arm support on 
day 298. I conclude that neither subject came within tJie age r.ingc 
of non-experimental or control subjects, and hence that the retaida- 
tion of the subjects was attributable to the experiment. Needless 
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to say the retardation was only transitory, and the twins soon sat 
as well as any child. 

Standi7ig with Suppott, Standing with support or supporting 
the body weiglit on the feet means that the infant supports his 
entire weight when balanced by an external agency (usually by 
being giasped under the arms by the expeiimentcr) and that this 
stiffening of his legs is leally dependent upon his upright position 
and upon the contact of his feet with a surface. The latter clause 
IS included because some might think it foolish to ask whether post¬ 
natal practice is essential to support of body weight since standing 
with support IS sometimes reported m the newborn (1, 7). I am 
inclined to believe that the so-called standing of the newborn, as 
well as the "stepping movements" of the newborn, have little rela¬ 
tion to the infant’s position or to the suiface with wliich he is in 
contact They may be meie "strong leg extension" and "alternating 
leg movements 

In our tests I grasped the infant In the region of the armpits and 
maintained the child erect, brought her feet slowly to the floor, 
and let her sink to the floor if she did not support hei entire weight. 
A partial support of the body-weight by the child could be felt 
by me as a lessening of the buidcn m my hands Gcsell (5) finds 
that this test brings forth a pushing leaction of tlie feet in 85-100% 
of the cases at foui months, although full suppoit of the body is 
raiely achieved at that time Linfcrt and Hierliolzer (6) find full 
support piescnt in 10%, 92% and 100% at 6, 9, and 12 months 
respectively. (Fifty infants weie tested at each age level by Gcsell 
and by Linfert and Hieiholzcr.) The latest age for this perform¬ 
ance in the 25 infants studied by Shirley was 37 weeks 

Our subjects were tested foi standing 20 times in the fourth 
month While there was a slight push with the legs in about 
one-fourth of the tests, it was momentaiy and never resulted in 
suppoiting the entue weight of the child Extensor thiusts may 
liavc occuned just as often when the child lay on her back althougli 
unfortunately we did not investigate tliat possibility Such tests 
were again given each subject on day 364 The lesults of the 
first of tlic delayed tests wcie essentially the same as tiiose obtained 

'Somcwbnt fuller comments on tins point will be found in the proceedings 
of the fust meeting of the Society foi Research in Child Development, 
Nov, 1934 
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eight months earlier. In the first ten tests, neither baby supported 
her own weight. Del gave a slight push in all ten tests, Rey in 
only four. The puslies were of a momentary character which caused 
the infant to bounce up and down but not to stand Neither infant 
steadily supported her weight for even a fraction of a second. 

A few minutes after the first tests on day 364 ten tests of a 
slightly different sort were given each subject. The infant was 
held as before except that I inclined each subject’s head and clicst 
far forward. This was done in order to determine whether there 
was any tendency for the child to bring her body into an upiight 
position at the moment the leg extension occurred. The tests showed 
no such tendency. 

In order to find how rapidly the infants would learn to stand 
with support, many trials (with the trunk upright) were given 
during the remainder of day 364 and on days 365, 366, and 367. 
No motivation for standing rvas given unless it be said that the 
pressure of the body upon the folded legs when the weigJit was 
not supported served as a motive Tlie first momentary support 
of the body occurred on day 364 for each subject, only About eight 
hours after the first failure. When the length of the support grew 
to a measurable interval the duration of support on each trial was 
noted by a stop watch. Piguies 1 and 2 show the progress beyond 
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that point. The improvement m standing shown in the graphs 
was gradual and irregular, but before the close of day 367 each 
infant had stood continuously for two minutes or longer. I must 
interpret standing as I did sitting, that is, the experimental con¬ 
ditions letardcd tlic occurrence of the initial performance, although 
this letardation was soon overcome 
Subsequent Locomotor Development. Shoitly after the tests just 
described, the infants became able to achieve the sitting position 
in their cubs of their own accoid. (Unfoitunatcly there are no 
norms on this performance, but it seems likely that the twins were 
retarded in this respect also Rey, day 387, Del, day 423 ) Once 
they were able to raise themselves to a sitting position, they could 
grasp the top of the cribs, make attempts to pull themselves to 
standing, and could also obtain practice toward standing by push¬ 
ing against the sides of the cribs with their hands while stiftening 
their legs. To our minds it was impossible to prevent this piactice 
without somehow forcibly restiaming the babies. This wc were 
not willing to do, so that the inteiesting question of the effect of 
icstriction upon Litei activities remains unanswered Morcovci, ex¬ 
cept for the act of walking alone, no comparative data were avail¬ 
able foi later responses m case the experiment had been prolonged. 

With respect to walking alone, Rey achieved this response in 
the I7tl\ calendar month, Del rrot until the 26th. Rey’s record is 
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□Uitc ordinary. Dd's, wl"k ««eptional, is equallccl by some chil- 
dren who are even urged and encouraged to walk. These facts 
do not indicate that our experiment affected walking, although 
greater deprivations might very well affect it. 


Discussion 

Evidence has just been presented to show that both of the 
twins were retarded in their establishment of visually directed 
reaching and grasping, sifting alone, and standing with support. 
Further, it has been shown that when training was instituted rcnch- 
mg and standing were established with relative promptness; sitting 
alone developed more slowly. 

The explanation of these facts which I favor is that the retarda¬ 
tion was due to the lack of the usual learning situations. Matura¬ 
tion alone, however it be defined, was insufficient 

Other possible interpretations will no doubt suggest themselves 
and must be considered. The suggestion which I liavc received most 
often in relating the experiment orally is that the infants were 
improperly exercised and hence too weak to perform the required 
responses although the neural patterns were present. Tiiis sugges¬ 
tion has never been made by anyone who saw the twins In action. 
As a matter of fact the infants received a great deal of exercise. 
While It is true that prior to certain dates the infants did not 
exercise m the sitting position, m the standing position, etc, they 
were, like all infants, almost continuously active. A time-siinipling 
study of crib behavior was conducted from days 185 to 240. The 
observational periods were 15 seconds in length and each infant was 
observed a total of approximately 1200 such periods when awake 
soon after a feeding. This study will be reported in full later but 
It may be helpful here to reveal that there were, on the average, 
approximately 3.5 kuids of movements per 15-second period per 
baby. The infants were in the best of health, were not rachitic, 
and their muscles were large and firm. Nevertheless, it may be 
suggested that while they were muscularly strong m many respects, 
yet the muscles involved in the performances wliicli were tested weie 
undeveloped.^ Two facts speak against any view winch attributes 
the retardation of the infants to weakness of particular muscles 
rather than to the absence of proper innervation of these muscles. 
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The first is that observation of the infants in the early test trials 
did not reveal any attempts to perform responses which they were 
unable from weakness to carry through, as a child who) has been 
ill may attempt to perform an action which he is too weak to 
accomplish Secondly, grasping and standing were established in a 
very short time There is no reason to believe that muscular 
strength may be developed with such speed. Rather it would be 
expected that much effoit within a short period of time would fatigue 
the muscles. 

Another possible interpretation of the retardation is that habits 
contradictory to the expected responses had been set up. So far as 
I could observe, the infants performed no response in the initial 
sitting tests except that of supporting themselves with their arms, 
and none in the first standing tests except for momentary extensor 
thrusts Neither these responses nor the responses to tlie dangling 
ring seem incompatible with the response whose presence was being 
tested 

One must consider also the possibility that the reactions which 
we studied, tiUhough instinctive, waned of disuse before the proper 
tests were made. I am not aware that the plicnomenon of the 
waning of an instinct has ever been demonstrated, so tliat one scarce¬ 
ly knows what is being considered undci this title Each of the 
responses which has been examined was tested shortly before or after 
the expiiation of the usual upper age extreme If the instincts 
waned, they must have done so in short order But even if the in¬ 
fants had been tested daily (which, by providing practice, would 
have defeated the purpose of the experiment) it might be urged that 
the instinct ripened and waned from lack of piactice between two 
tests Until some evidence of waning is advanced, there is no lea- 
son to put much faith in this very flexible hypothesis. 

That the infants were retarded by organic motor disabilities is 
contra-mdicatcd by the fact that they learned readily to sit and to 
stand and to reach when training was begun. In fine, all othci 
possible intcipictations seem ruled out and it seems necessary to con¬ 
clude that the twins were retarded in sitting alone, standing with 
suppoit, and reaching and grasping because of the restriction of 
learning oppoitunities. 

While a repoit of intelligence will be reserved until the twins 
reach an age at which tests have more significance than they possess 
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for the threc-year-old, I may say that from present intlications tlie 
cliildren arc not far from the American white avciagc ui test per¬ 
formance. However^ there is little to indicate tliat reactions duiing 
the first year bear any relation to intelligence as tested at four or 
five. 

Summary 

Fraternal twins were reared with full experimental contiol under 
the personal care of Mrs. Dennis and myself from the end of the 
first to the end of the fouitcenth calendar months of life. The choice 
of twins as subjects of the experiment was moie or less accidental 
and was not essential to the pioblem. We imposed restiictions upon 
the infants’ activities whicli consisted in part of keeping the infants 
on their backs in their cribs and consequently cut off fiom oppor¬ 
tunities to sit and stand. Opportunities to reach for objects were 
reduced to a minimum. None of these rcstiictions was continued 
throughout the entire period of the experiment, but only until it was 
shown to have had some effect. The chief results of this study may 
be summarized as follows* visually directed reaching and giasping, 
sitting alone, and standing with help, were retarded in our subjects 
beyond the upper age limit for the appe.'irance of each of these re¬ 
sponses among children in the usual range of American environments. 
WJuIe other explanations of the retardntions weie sought, the only 
acceptable one was that the retardations were the lesult of restric¬ 
tion of activities Each response was readily established when prac¬ 
tice was offered, and each response ^vas "perfected” witliout social en¬ 
couragement or approval. 

The results are interpreted as showing that foi some infants 
practice is essential in order that the responses under discussion be 
established in accordance with available norms 
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L’EFFET DE L'EXERCICE LIMITS SUR L’ACTION DE TENURE LA 
MAIN, DE S'ASSEIOR, ET DE SE TENIR DEBOUT DE DEUX 
' ENFANTS 

(Risumi) 

On a 61cv6 dcs jumcaux fraterncia avec un plcm contiole expdrimcntnl 
EOU8 Ics soma personnels dc Mme Dennis et dc moi-rndmc dcpuis la fin du 
picmici mois de la vie juaqu’A la fin du qiiatoizieme Nous avons assiijelti 
ics nctivitds dcs ciifnius h iks reslriclioiis qui sc sunt composdes un partiu 
dc faire rcster Ics enfants sur le dos dans Icur lit cn Ics empdehant ainsi 
dc s'asscoir et dc sc tcnir debout. Lcs occasions dc tendre la main vers des 
objets ont did rdduitcs au minimum. Aucune de ces restrictions n’a dt6 
continiidc pendant toute la durdc dc I'etpdrience, mais sculcment juaqu'h 
cc quo qiiclquc cfict a’dtait montrd. On peut rdsumei ninsi lcs principaux 
rdsiiltata dc cette dtude ics actions visucllement dlrigdcs dc tendre la mam 
et dc saisir, dc s'asscoir scul, dc sc tcnir debout sans aide, ont dtd retarddes 
chez nos sujets au dcIA dc la limite supdricuic dc I'flgc pour I’appaiencc 
dc ch.'iciine dc ccs rdponscs pnrmi dcs enfants dans la vnnntion usiicllc 
dcB milieux amfincalna. Taadis que I’on .t chcrchS d’nutres explications 
des retardations, In aculc acceptable a iti que les retardations ont le 
r^sultnt de la restriction dcs nctivitfs Chnquc rdponse a 6t6 facilcmcnt 
6tablic quand on a ofiert dc I'exercice, et chaque reponse a etc "perfection- 
n^c" sans encouragement ni approbation soclales 

Dennis 


DIE WIRKUNG DER BESCIIRANKTEN UBUNG AUF DAS GREIFEN, 
SITZEN UND STEIIEN VON ZWEI KLEINEN KINDERN 
(Referat) 

Bnidcrliclic Zwilliiigc wiiidcn mit voller expenmentellen Kontrollc unter 
dcr pcisonlichcn Filcgc von Finu Dennis und m!r vom Ende dcs ersten 
bis zum vierzeiinlen Monat des Lebens auferzogen, Wir Icgten Be- 
schrankunken nuf die Tatigkeit dci Kinder, welchc zum Teil aus dem 
Behalteii der Kinder auf dem Rucken in ihrcm Kindcrbett beatanden. 
Dadurcli wurden ihnen die Gelegenheiten zum Sitzen und Stehen entnom- 
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men. Die GeJegenheiten z«m Brgreifeii von Gcgenstandcn wcirde mif 
ein Minimum reduzierr Keine dieser Bescbranliingen vvnrdc (lurc)i die 
gdnze Zeit des Expetimenta hiodurch gebraucht^ abcr nur bis ea iiacligc- 
^icscn \viirdc, dass ale irgend erne Wirkung ha(tc. Die Ilau ptcrgcbniaac 
dieser Untersiichung konnen so zusainmengefasst tvcrclcn visiicll gcricbtctLS 
Grei/en und Eigreifcn, das Alleinesitzcn, das Stehen nut Ililfc wiinlcu m 
unseren Vpn, bis dber die obere Altewgrenze fur die Erscheinnng ;eder 
dieser Reaktionen unter normalen Kindern in dcr amenknnisclicn Uijigc- 
bung verzogert. Wahrend andere Etkiarungen der Vcr/ogeruiig gcsiiclit 
V7\irden, \vnr die cinzigc annehrabare, dass die Vcrzogcrungcn die Tolge 
der Besckrnn(ciing der Tatifcfeeiten sei. Jede Reafction wiirde Icicfit festge- 
setat, irenn Obimg gegeben nurde, und jedc Reaction liat sich riir “Ver- 
vollkommung" ohne soziale Aufmiinl-crung oder sozinlcn Bcifoll cntwjckclt 

DuMNia 



SEXUAL DRIVE IN POTENT AND IMPOTENT MALE 
RATS AS MEASURED BY THE COLUMBIA 
OBSTRUCTION APPARATUS^ 
from the Dcpatlmcnt of Psychology, Stanford Vmvetsily 

C. P. StonI', R. G. Barkpu, and M. I. Tomilin 


The primary aim of this study was to determine the importance 
of the factoid potency and wtpoiency on the performances of young 
male rats as they were tested for strength of sexual drive in the 
Columbia Obstruction Apparatus. 

Animals 

The young males were reared under identical conditions of hus¬ 
bandry in the psychological laboratoiy at Stanford University. Be¬ 
ginning with the age of 35 days, they were tested on alternate nights 
for copiilatory activity with leccplivc females. (4); when positive 
results from these tests weie obtained the males were set aside with 
other young males in storage cages to await the time of further 
experiments. They did not have access to females while in storage 
cages. 

When the picsent experiments weie begun, slightly less than 
half of the males had copulated duiing the copulation tests; these 
are called the potent males. The others, although similaily tested, did 
not copulate, hence they will be designated as the impotent group. 
It is to be understood, however, that the terms potent and impotent 
imply nothing more than that some males copulated and some did 
not, under what wc regarded as adequate and comparable test situa¬ 
tions. 

In Table 1 are given the ages and body weights of the males at 
the time of testing and also their ages at the time of first copulation. 
The mean ages of the two groups did not differ significantly, but 
there was a significant diffcicnce in thcir ages at the time of first 

Tinancial aupport for this aLudy waa provided by a grant from the Com- 
miltcc for Research on Sex Problems, National Reaenrcli Council, and from 
the TThomas Wcllon Stanford fund for Psychological Research, Stanford 
University 
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Animal 
No 

1 
2 

3 

4 

5 

6 

7 

8 
9 

10 
11 
12 

13 

14 
1$ 
16 
17 

15 

19 

20 
21 
22 

23 

24 


C P 


STONE, R. G. barker, AND tt I. 


towiun 


TABLE 1 

Groups of Animam Tested 

Impotent males 

Potent males atAnimal Age at Age first 

Age at Age first W g f<.#hne cooiilniion 

testing copulation testing 


67 

68 
68 

67 

64 

68 
63 
69 
68 
68 
62 

67 

65 

68 

66 

63 
66 

64 
67 
66 
69 

65 
69 
69 


36 
42 
39 
39 
38 

38 
44 

39 
S3 

37 
62 
33 

42 
37 

43 
63 

42 
59 
57 
65 
39 

43 
39 
33 


166 

174 

189 
206 

190 
194 
180 
219 
176 
203 
166 
221 
19J 
176 
205 
171 
190 
155 
160 
155 
243 
180 
207 
209 


Mean 

CT 


66 67 
172 


45.37 

9.45 


188 67 
21 96 


25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 


63 

65 

63 

76 

64 

« 

66 

68 

66 

68 

60 

77 

58 

71 

58 

« 

68 

77 

65 

89 

65 

72 

62 

82 

66 

79 

66 

77 

82 

140 

67 

82 

65 

69 

66 

92 

54 

58 

65 

92 

64 

79 

66 

74 

57 

71 

63 

88 

62 

63 

65 

90 

66 

67 

65 

92 

66 

91 

67 

65 

66 

65 

64 42 

78 69 

4 55 

15 06 


VVciglit at 
testing 

164 
ISO 
113 
186 
175 
196 
216 
173 
124 
162 
150 

154 

123 

180 

164 

162 

126 

156 

152 

144 

144 

136 

182 

144 

165 

159 

160 
182 
156 
1C9 
156 

158 81 
2175 


•Numbers 27 and 32 were not observed to copulate in nny of the tests. 


copulation anti also a difference in their body weights As shown 
at the bottom of Table 1, copulation was first observed in the potent 
group 33 days earlier, on the average, than m the impotent group, 
and the average weight of the potent gioup at the time of testing 
was 30 grams heavier than that of the latter group T. he difference 
in weights of these same groups is one of long standing. At the age 
of 45 days they differed, on the average, by 15 grams. Hence the 
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present difference cannot be asciibed to slight discrepancies in the 
ages at which they were tested in the Obstiuction Apparatus. 

In view of the fact that both gioups of males appeared to be 
healthy and at no time to have suffered illness or malnutrition, we 
aie inclined to ascribe the late sexual matuiing of most of tile 
impotent gioup, possibly all of them as well as a few of the potent 
group, to genetic factors which tend to retard tlic age of sexual 
maturity in certain strains of rats that have been selectively bred 
m the Stanford Laboratory To date, there is no evidence beating 
upon the supposition that late maturity that ts genetically determined 
may be associated with relatively weak sexual drive as measured by 
copulatory tests or by the Obstruction Apparatus. 

The Obstruction Tests 

t 

The model of the Columbia Obstruction Apparatus used in this 
experiment was illustrated in our previous paper dealing with sexual 
diive (5) Using a 110-volt, A. C cuirent of 60 cycles to electrify 
the grid) we set the mductorium so as to yield a terminal pressure 
of 730 volts. The external resistance in the circuit was 13,000,000 
oiims, and the current flowing through the grid was .05615 milli- 
amperes This current was somewhat weaker than that used in our 
previous study (5) on adult males, but it appeared to produce about 
the same jump, startle, or withdrawal behavior in tlie young as the 
stronger current produced in the adult males However, the means 
of equating faradic shocks in rats of different ages is still an unsolved 
problem. 

Before the males underwent their tests m the Obstruction Appara¬ 
tus, certain opportunities for pielimmary experience were provided 
them Approximately six hours before the test began, each animal 
was taken directly from its home cage, put into the Obstruction 
Apparatus, and allowed to exploie the chambers for a period of 30 
minutes without any special incentive present A two-way door 
was at the juncture of the grid and the incentive chamber so tliat 
the male might become familial with the pioccss of going under the 
light celluloid door at this point. 

As further prepaiation for the obstruction test, each male was 
given a brief copulation test with a receptive female in its home 
cage a few minutes before it was taken to the Obstiuction Apparatus 
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which was operated in an adjacent room. The purpose of this was 
to activate the male sexually so that it would immediately attempt 
to copulate when the female was brought into its piesence in the 
Obstruction Apparatus In the case of non-copulators, the female 
was allowed to remain with the male m the home cage for approxi¬ 
mately 10 minutes, a period of time that peimitted the male to sniff 
and to examine the female thoroughly and, in the majority of in¬ 
stances, one that finally ended with his directing his attention away 
from the female. A male that copulated was permitted only thice 
or four intromissions, after which the female was removed from his 
home cage. 

Immediately after sexual activation in the home cage, each young 
male was put into the Obstruction Apparatus where he was al¬ 
lowed complete freedom for exploration for a pciiod of ten min¬ 
utes. Because of the two-way door he could go back and forth be¬ 
tween the starting and the mcenlive chambers without difficulty. 
At the end of ten minutes the experimenter replaced the two-way 


door between the grid and the incentive chamber by n one-way 
door The sexually receptive female was then put into the incentive 
chamber with the male. In the case of non-copulatois, she was 
allowed to remain there for five minutes; but in the case of copulat¬ 
ing males she was removed after three or four copulations 
Next came the preliminary trials. The male was transferred by 
the experimenter to the starting chamber, from which only by 
crossing tlie grid and passing under the one-way door could he 
reach the female. Four preliminary crossings wtlliout shock and one 
tvlili shock were given before the standard test period was begun. 
After the first preliminary crossing the male was allowed two min¬ 
utes to copulate or to explore the incentive chamber (accoicling to 
the direction of his activity), but only one minute was allowed for 


these activities after each of the other preliminary trials, after which 
he was transferred to the starting chamber The majority of the 
potent males immediately directed their activities to the female, but 
the impotent males, for the most part, seemed more attracted by 
other stimuli of the incentive chamber, such, for instance, as the one¬ 
way door which they attempted to push aside or to destroy by biting. 
If on the fiftli preliminary trial the male failed to cioss the grid 
voluntarily withm five minutes, he was put into the grid ch.amber 
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by the experimenter and thus required to cross the electrified giid.^ 

The standard obstiuction test consisted of two subtests of ten 
minutes each, separated by a five-mmiitc interval Duiing each of 
the ten-minute tests the young males were allowed complete fieedom 
to cross over the electrified grid to the incentive chamber but weie 
returned to the starting compartment upon their anival so as to pre¬ 
clude copulation with the receptive female. Now and then, how* 
ever, a male was too quick foi the experimenter and copulated before 
he could be removed In rare instances also an intromisbioii was ac¬ 
companied by an ejaculation which made it necessary to halt the 
experiment until the male again had become sexually aggressive to¬ 
ward the female In the interim between the ten-minute tests the 
receptive female was left in the incentive clumber with the male for 
what may be called the second sexual activation period Impotent 
males wcie allowed to icmain with the female for three minutes, po¬ 
tent males for a similar length of time unless before the end of three 
minutes they had copulated thice of four times; in which case they 
were lemovcd lest a long pause be necessitated by their becoming sex¬ 
ually inactive from delivering vaginal plugs The males spent t)ie re¬ 
maining two minutes of the inteimission in a small home cage 
placed beside the table on which the Obstiuction Appaiatus was 
resting 

Results or the Experiment 

The pitncipal data on which our discussion will hinge and from 
which conclusions will be diawn arc given in Tables 2, 3, and 4. 

1 Results of the Activation and Preliminary Tests In the first 
four columns of Tables 2 and 3 the outcome of all copulation tests 
given the males m tlie home cages, during the preliminary trials in 
the apparatus, and duiing the intermission between the subtests of 
the experiment piopcr, are indicated by the plus or minus signs. 
Each plus or minus sign of column 5 indicates whethei or not a 
male ciossed the giid voluntaiily on the fifth trial of the preliminary 
period, that being the first in which the grid was electrified 

“As a general proceduic, this technique is of questionable value for it 
may enhance the male's fear of the grid chamber beyond that already 
.caused by the punishment grid and also may set up an antagonistic attitudo 
toward the expeiimcntcr Wc shall discontinue it in future experiments 
and try, by additional trials without shock, to induce the male to begin 
crossing the grid, 
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AHD grid CONTACTS RV THE 
la columns 2, 3, 4. and S* home cages, in tlicii preliminary 

signs whether the males copu ated n th '‘"d whcllicr 

tests whh Ihe apparatus, " ^ Bfth preliminary trials I he 

they crossed the ^ndjoluotaJy of grid crossings, grid 
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4* 

+ 

4- 


85 

0 

50 

0 

6 

0 

82 

0 

93 

1 

30 

0 

71 

24 

41 

54 

2 

41 

0 

151 

53 

84 

66 

0 


Mean 38 92 
<r 40 11 


30 

115 

7 

7 

12 

62 

0 

0 

27 

33 

2 

2 

17 

99 

5 

5 

23 

116 

n 

12 

19 

49 

1 

1 

32 

103 

18 

42 

IS 

56 

16 

70 

20 

22 

42 

83 

0 

0 

31 

182 

7 

60 

16 

100 

22 

88 

17 

17 

_ 

— 

1625 

55 17 

1089 

42 23 


Upon examining columns 1 to 4, one observes that the males that 
copulated m their home cages, with but few exceptions, also copu¬ 
lated in the Obstruction Apparatus. This result is what we hoped 
to obtain, inasmuch as it indicates that sexual drive was dominant 
over exploratory drive, over fear, and over other conflicting types 
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TABLE 3 

Preliminary Sex Behavior, Grid Crossings and Grid Contacts by the 

Impotent Males 

In columns 2, 3, 4, and 5, respectively, are indicated by plus or minus 
signs whether the males copvilated m their home cages, in their prelimmaiy 
tests with the apparatus, in the interim between the subtests, and whether 
they crossed the grid voluntarily on their fifth preliminary trials The last 
three columns give, respectively, the number of grid crossings, grid contacts, 
and the sums of crossings and contacts 
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TABLE 4 

id niadfi by Ciich rat durinfi 
Number of contacts Jnutc meso was interspersed between 
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TABLE 4 (Continued) 

iMrOTBNT MALBB 


SUCCESSIVE UtNUTES OP TEST 
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of motivation. We should not have expected males to copulate in 
the Obstruction Apparatus if, on this and on previous nights, tliey 
had failed to copulate in the more familmi hoinc-cage situation 
where distiacting stimuli were relatively few m nuinher 
As shown in column 5 of Tables 2 and 3, the proportion of volun¬ 
tary crossings was clearly greater for the potent than foi tlic im¬ 
potent group 

2, X)'tff£J'ei 2 C£s in Cmsstngs and Goiitacis. At the bases of tile 
last three columns of Tables 2 and 3 are given the means and sigmas 
for the total number of crossing, contacted and sums of crossings 
and contacts. In eadi case the mean of the potent group is sig- 

Diff. 

nificantly greater than that of the impotent group, the - 

tram 

being, respectively, 3.5, 4.6, and 4.6. These differences wairant the 
conclusion that copulating males of the ages herein studied aie, as a 
grotif, much more aggressive and persistent than non-copulating 
males in their efforts to overcome a painful obstruction to reach tlie 
sexually receptive female 

In Table 4 is recorded the number of crossings and contacts made 
by each animal in the successive minutes of the test. At the bases 
of the columns the mean numbers of crossings and contacts are given 
These means are presented graphically in Figure I. 

la the case of the potent males, there was a declining frequency 
of crossings from the beginning to the end of the second subtests 



W V, figure I 

Mea» Number of Contacts and Chossihgs of the Grid in the Odstruction 
Apparatus Made by the Groups op Potcnt and Impo ceht 
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This, possibly, may he ascribed to the animals’ becoming negatively 
conditioned against the punishment grid or the expeiimenter, or 
possibly to a radical change in physiological state resulting from 
being repeatedly shocked and thwarted in theii efforts to copulate 
with the female. No crucial evidence on the point of causation is 
available, however 

As sliown in Figuie 1, the potent group crossed much less fre¬ 
quently, on the aveiage, during the first than during the second half 
of the test, hut for the impotent group there was but little differ¬ 
ence. This result strongly suggests that the sexual ardor of some 
of the potent males was greatly strengthened by the opportunity for 
copulation in the incentive chamber during the intermission 

The outstanding fcatuic of the contact records is the drop in fre¬ 
quency after the first minute This may have resulted primarily 
from the fact that weakly motivated males quickly learned to stay 
away from the grid, whereas more highly motivated males plunged 
right ahead or learned to jump to the farther side, effecting thus a 
crossing rather than a contacting of the grid. 

Gieat individual differences m performance within eacli of the 
groups are apparent in Table 4. Numbcis 4 and 19, although 
copulating males, neither crossed nor contacted the grid during the 
test proper; numbers 2, 6, 8, and 24 failed to cross the grid al¬ 
though they made one or more attempts during the test proper and 
thus experienced the painful shock It is very probable that more 
thorough pielimiiiary training witliout the shock would have started 
some of these males to crossing and, once a beginning had been made, 
some of them probably would have continued throughout the test 
as did most of the otliei' potent males This is only an hypothesis, 
however, that we shall have to investigate in future experiments with 
potent, non-ejossing males 

Number 20 crossed the grid with a frequency that closely approxi¬ 
mated the maximal number possible undei the conditions of this ex¬ 
periment m which two sliding doois had to be opened and shut each 
time the male was tiansfcrred from the incentive chambei to the start¬ 
ing compartment Numbcis 11 and 14 crossed ovei at tlie beginning 
of each test but became inactive bcfoie the end. Numbers 7 and 9 
wcie steady peifoimcrs throughout the entire test Numbers 1, 11, 
and 16 arc of interest l>ccausc they became much more active crossers 
in the second than in the liist half of the test. As to the cause of 
these differences in performance one can only guess. 
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Although one is forcefully impressed by the greater incidence of 
non-crossers and low-frequency crossers witliin the impotent group, 
there are a few individuals, such as numbers 26, 42, and 51, wliosc 
records would not appear markedly out of place if put among tlioso 
of the potent males These cases clearly demonstrate that the 
presence or absence of copulating ability and sexual experience arc 
not the only factors that determine whether or not a male will cross 
the grid in the Obstruction Apparatus. While working with im¬ 
potent males the experimenter (Tomilin) received an impression 
from observing their total behavior throughout the test that the 
crossings of many were prompted far less by the receptive female 
than by some adventitious factor such as the one-way door which 
they attempted to manipulate as they had formerly manipulated 
the two-way door. This situation reveals the dcsii ability ot having 
some independent indicator of the male's i.exual agitation by means 
of which each instance of crossing can be attiibutcd citlier to sexual 
or to non-sexual motivation 

3. Melhodolo{/icd Implicaltons of the Pteseni Study. It is perti¬ 
nent to inquire as to whether there is any likelihood tliat the picscnt 
trend of results with young males would also be found in the case 
of adult males In answer to tins inquiry we may say tliat the only 
known evidence directly applicable indicates that the trend of results 
would be the same. Data on adult albino rats collected by Anderson 
(1), who with great fidelity followed the specifications set forth 
for the Columbia Obstruction Method (6), sliow an average of 3.4 
crossings for 10 impotent males and 11,7 crossings for 40 potent 
individuals, all of which had been similarly handled prior to the 
obstruction test. Assuming that moic extensive investigations would 
confirm the results of the present as well as Anderson's study, one 
may then legitimately stress the point that the present data Jinve a 
very significant bearing upon the interpretation of some of t)ie data 
published by the Columbia University workers (6), 

It appears that Warner (7) used only copulating males wlien 
setting up the masculine norms used by himself and lus successors 
Jenkins (2) and Nissen (3) How many non-copulntors Warner 
had to discard from the lot obtained from the Wistar Institute was 
not reported, but if the males were fundamentally similai to tliosc 
used by his successors, as was desired (6), one might assume that 
the loss was well over 50 per cent because Jenkins found 58 non- 
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copulatois in a group of 79 males and Nissen found 15 non- 
copulatOTs m a gto-up oi 27 males At any late "WaTneT’s data 
pertain to a selected group of males and, according to the trend 
of the present data, and those of Anderson as well, the Warner 
norms were unsuitable standards for use by Jenkins and Nissen who 
had an admu^ture of potent and impotent males, Moreover, there 
seems to have been no systematic distribution, either by Jenkins (2) 
01 by Nissen (3), of copulators and non-copulators when making 
up their various experimental groups Since their groups were 
relatively small (twenty individuals or less), a random selection 
would not assure a satisfactory balancing of the two types of animals. 
In consequence of this and the use of Warner’s norms one cannot 
determine witii assurance m which instances or to what extent the 
specific results obtained arc to be ascribed to the experimental re¬ 
gimens to which a group was subjected rather tlian to the original 
constitution of the group itself. In some instances the obtained differ¬ 
ences aie probably too small, in others, too large; and in still others 
they may be spurious in the sense of not arising from the specific 
variables under consideration Thus, if oui contention is correct, 
the full significance of the data on the male rats reported by Jenkins 
and by Nissen cannot be ascertained until these experiments have 
been repeated with due consideration to the factor of potency and 
impotency in control and experimental groups 

To Jenkins and Nissen it may have seemed unnecessary to take 
account of the factor of potency and impotency in their expeiiments 
in view of unpublished findings (3) accredited to Warnci which, 
m eftect, showed that frequency of copulations was not correlated 
with frequency of crossing the grid However, the true import of 
Warner’s finding cannot be ascertained in view of the fact that he 
reports that bis primaiy intention was not to obtain an <accurate 
record of the exact number of copulations pei formed by the males 
of his group but, rather, to asceitain whether or not tli'ey were 
sexually active Inaccuracies of recording copulations might easily 
account foi the zero correlation Also, what was true for Warner’s 
group of copulators might not have been true either for the data of 
Jenkins or those of Nissen in which there wete non-copulators as 
well as copulatois Finally, we may call attention to the fact that 
Anderson obtained a correlation of .509± 072 between the fiequcncy 
of copulations in diiect tests and the frequency of crossings m the 
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obstruction test. The present authors, using the Columbia Obstruc¬ 
tion Apparatus, but not following the prescribed mctliofl, obtained 
a correlation of 32±.i05 for copulations and crossinRs. and 
.40± 099 for copulations and the sums of contacts and crossings 
(r’s uacorrected for attenuation). Each of these studies suppoits 
the present contention that the factois of potency and irnpot'cncy 
must he carefully controlled in studies of sexual drive tl^at aic cai- 
r-ied out with the Columbia Obstruction Apparatus on male rats if 
intcrpretable results are to be obtained 

St/MMARV 

1. In this study a significantly greater me.iii number of crobsings 
and contacts of the grid of the Columbia Obstruction Apparatus 
was made by a group of 24 potent male rats to reach a receptive 
female in the incentive chamber than was made by a comparable 
group of 31 impotent males. 

2 From these results it appears that the factors of potency and 
impotency should be taken into account m all studies of sexual drive 
involving male rats. The data on males reported by Jenkins and 
Nissea, who used the Columbia Obstruction Method, ,uc somewhat 
equivocal because they failed to contiol these factors in foiming their 
original groups and, in certain instances, in choosing a strictly com¬ 
parable norm with which to evaluate the results from their cxpeii- 
mental groups 

3. Great individual differences in willingness to cross and contact 
the grid were obtained within groups The two distiilMitions of 
scores overlap to such an extent that one must conclude that neither 
copulatory experience aor the lack of it was a ccrtniii basis for 
predicting whether a particular male would cross the grid in the 
test as herein conducted. 


1 

2 
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L’IMPULSION SEXUELLE CHEZ LES RATS MALES CAPABLES ET 
INCAPABLES SEXUELLEMENT MESURlJE PAR L’APPAREIL DES 
OBSTACLES DE COLUMBIA 
(Resume) 

On a fait cette etude dans le but de deteimiiier Vimportnnce dcs factcurs, 
capaciU se\uelle^ c’est-i-dire, capacity copulatrice ct Vincapacito seMiellc^ 
dans I’ex^cution dcs jeunes rah, comme on Ics a testes dans I’Appareil des 
Obstacles de Columbia pour la foicc de I’mpulsion sexuelle. II y a eu 24 
males dans Ic groupc capable, et 31 males dans !c groupe incapable En 
consideiant Ics groiipcs comme ensemble, iin nombre moyen significativcment 
plus grand de traversements et de contracts du gnl a ete fait par les mfilea 
capnblcs que par les mcapables Cependent, de grandes differences in- 
dividuelles se sont montrecs dans chaque groups En effet, les distributions 
s’empietent li im tcl degr4 qu'on ne pouriait considerer ni la capacity 
copulatricc tu I'lncapacite comme base certain pour predirc si un certain 
male serait on nc sernit pas celui qui tiavcrserait frequcmmciit le gnl dans 
la situation du test 

D'npres la difference des moyennes dcs deux groupes contrast's, il parait 
qu'on devrait toujours rendre compte des factcurs de capacitd et d’lncapacit^ 
dans les Etudes de I'lmpulslon sexuelle od il a’agit du rat male et que les 
rdsultah dcs experiences anterieures sur I'impulsion cliez Ics rata males, 
comme testae par la Technique des Obstacles de Columbia, sont un peu 
equivoques pour I’lnterprctation parce que lea facteuru capacity et inca- 
pacitc n'ont pas et£ sufiiaamment control's 


Stone, Barker, et Tomlin 
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DER SEXUEILE TRIES BEI SEXOELL KRaFTIGI'^ tJND UN- 
KRAFTIGEN MANNLICHEN RATTEN, WIE SIE DURCEl DEN 
COLUMBIA HINDERNISAPPARAT UNTERSUCHT 
WURDEN 
(Rcfcraf) 

Der Zwecic dieter UfifersdoIiHng iFar die lleslimmunfi dei Wiclidgkcrt 
dcr Faldoren von Poterz, d,h- Paflriingsfnhifikeit, imd Iinpoicn/ iii iler 
LeistiiTig junger weisser Ratteni wic aie im Columbm lliniloriiisnpii.iriil 
iintersiicht avurden, der die Starke des Sexualtriek ‘1 ermittcltc Ei pabcii 
2+ manaliche Ratten in der Paarangsfaliigcn Gruppe imd 31 M.innliclic 
Ratten in der Paarungsunfaliigen Gruppe Im grossen niul Rniizcti gnbe 
es eine liedeutsam groisere Anzahl der Okrgelicn imd Beriihnifigen inif 
dem Ciller bci den paarungsfahigen als bei den paaningsunfjhificJi Mjiui- 
chen Es fanden aich aber grossc Unierschiede in jedcr Gnippe In ilur 
Tat grcifea sie so sehr ubereinandcr, (Uss man weder die PanrunRsIfiliig- 
keit nocli dcrcn Mangel als cine sicliere Basis zwm Voraiiisagen an'ichcii 
konnle, ob ein besonderes Mannchen yip! oder wciiig uber d.is Gilier in 
der Teslsitualiofi latifen Mdrde 

Aus dem Untcrscbied der Durcbschnjltc der beiden Gruppen sckiiit 
es, dass die Paktnren der Potenz und impoteni m Unleriiicluingcn (lea 
Sexualtnebcs bei der mannlichen Ratle immer m Betrncht gczngtu ^verden 
mussen und dass die Ergebnisse der fruheren ExperimctUc ubci dcii 'Pricb 
bei mannlictien Ratten, wie er durch die Columbia Hindcini'tiiKilmdc un- 
tersucht ivurde, etrvas zwcitdeutig ztir Dentung seicn, wcil die Paktoren 
der Potenz und Impotenz nicht buircichein! kontrollier! ivnreii. 

Sw, Bahkik, und Tomiiin 



THE INFLUENCE OF AMOUNT OF INCENTIVE ON 
DELAYED RESPONSE PERFORMANCES 
OF CHIMPANZEES* 

From the Loborntoties of Comparnfive Psychohiology, Yale University 


H. W. Nissbn and J H Elder 


Since 1907, when Yerkes (8) drew attention to the importance, in 
studies of animal learning, of quantitative control of motivational 
factors, a considerable amount of work on this general topic has 
been reported Tliese studies have concerned themselves with the 
quantitative aspects of both the initiating drive (degree of hunger, 
thirst, and sexual need, temperature of the heated or cooled floor, 
amount of electric shock) and of the incentive factor which tends to 
lestorc physiological balance (amount of food, water, sexual satis¬ 
faction and so on) In many instances the interest has been merely 
in the relative effects of presence or absence of one of these factors 
In this connection should be mentioned also those investigations, 
notably the series of Columbia studies (7), whicli connbine qualitative 
and quantitative comparisons by relating the maximum scoies ob¬ 
tained under various dnvc-incentlvc conditions. 

Indices of diftcrential motivating factors have been obtained by 
the obstruction, choice, activity, learning, and work methods The 
performance or work method^ measures tlie speed, frequency, inten¬ 
sity, or accuracy of an innate response or previously mastered habit 
—speed of eating, frequency of copulation, amount of muscular 
effort, accuracy and speed of running a previously learned maze. 
Measurements of delayed response peiformanccs under different 
motivating conditions belong here or under a sub-category, the 
mental work method 

The present paper deals with the effects, general and specific, of 
quantitative variations of the food incentive on delayed response per¬ 
formances of four young chimpanzees Incidentally, the constancy 

•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, May 20, 1935 

’We would place under this heading the "present or absent/’ the "fre¬ 
quency" and the "satiation” methods of Stone (6) 

+9 
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of delay limits^ under uniform conditions, die effects of piacticc and 
of the number of trials given in succession, are consideicd. Grindley's 
study (4) appears to be the only comparable previous investigation 
concerned With the inauertce of varying amounts of food reward 
when the total reward was actually ingested; in the experiments of 
Bayer (1) the total amount of food available vaiied but wus always 
m excess of the animal’s capacity The only carlici study (5) m 
which delayed response has been used to measure the reiattVe effec¬ 
tiveness of vaiioiis incentives de^lt with the influence of tjualitative 
diftcrcrces in the incentive on pcrfotmance at ccitain constant delay- 
intervals, whereas in the following pages we shall be conccincd with 
quantitative cfifferences ns affecting both peifoimaiice at certain 
levels of difficulty and limits of delay. 


Subjects 

Four pre-adolescent chimpanzees, three males and one female, all 
members of the Ne\y Haven experimental wlony of the Yale Laboi.i- 
tories of Comparative Psychobiology, were used in the expcnuient. 
The following list gives the namci seXj nuiiiciical designation, 
approximate-weight, and estimated age at the time of cxpciimciitii- 
tion, and dates of work with each subject: 


Nome 

Sex 

Number 

Apprtw, 

weight 

£stimalcd 

age Dates of work 

IJokar 

Male 

5 

3? kgms 

8 yra, July, 1932 to May, 1933 

Moos 

Male 

11 

27 igms, 

7 yrs. April to July, 193+ 

Kambi 

Female 2+ 

20 kgma 

5 yrs. February to June, 193+ 

Veit 

Maie 

31 

19 kgms 

S yrs. April to June, 193 f 


The animals were apparently m good health throughout the periods 
of work, except that Vclt had a habit of regurgitating his food, winch 
interfered to an appreciable extent With cxpcnmciitution 


Throughout th.s paper wc aha I spenk of "delay limits" and of -'.na^nmnn 
delays ss meaning merely the fongest delays at -winch ific niiinials would 

E better under ihe coiuliUoiw of 

iJie ejtperimenf One of the conclusions of this study (i that fiuch "limits’' 

variable, depending donbtleaa on almost every 
lispeet or the experimental situation. ^ 
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Apparatus and Procedure 

The apparatus and details of procedure employed differed for the 
several animals, but were rigidly ctMistant for each subject with the 
exception of the variables being studied Since the comparisons made 
in this paper are not between individuals but rather between the per¬ 
formances of a given individual under different conditions, such 
diversity is unob 3 ectionable and even desirable, any consistent trend 
in the results is thereby shown to be a function of the expeiimental 
vaiiables and independent of the particular techniques employed 
Only the more essential featuies of each of the three forms of delayed 
response appaiatus used will be described 

1 For Bokar a modification of the turntable apparatus, origin¬ 
ally devised by Yerkes (9) for use with the gorilla, Congo, was 
employed In its present foim a circular wooden disc, 4 cm. thick 
and 183 cm. in diameter, revolving in a horizontal plane, is mounted 
in front of the barred opening of the subjcct^s cage at a distance 
which permits the animal to reach about 20 cm beyond the circum¬ 
ference of the disc. Centered on a diameter of the turntable are 
two wooden boxes, without bottoms, 18 cm long, 16 cm wide and 
10 cm high, they are fastened to the table by means of hinges on 
the side towards the center of tlie disc and so located that the cen¬ 
trifugal edge of each box is appioximately 4 cm. fiom the ciicumfer- 
ence. Under each of the two boxes anl aluminum cup, in which the 
lure was placed, is fastened directly to the turntable. A projecting 
ledge on the outer end of each box makes it possible to raise the box, 
disclosing the cup underneath. 

The restraining cage used with the turntable apparatus is approxi¬ 
mately 180 cm. squaie, 184 cm hi^, inside dimensions The top is 
constructed of wiie mesh, the sides of pine planking On one side 
is a solid entrance door, on the opposite side are two openings pro¬ 
tected by horizontal iron bais 10 cm apart Each of these openings 
or windows, one dnectly above the othei, is 60 cm wide; the hist, 
starting a few centimeters above the flooi, is 60 cm. high, while the 
second, 9 cm above the top of the first, is 46 cm high A line diawn 
from the centei of the turntable to the centei of the lower window 
would be peipendicular to the front side of the cage Each window 
affoids a view of the entne turntable By leaching through the 
lower guile the animal can lotate the tabic and, when the pioper^ 
position lias been reached, open nn e of i-hp e.. 
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food in the cup. Either one or both of the two barred windows can 
be closed by the experimenter by means of two opaque doors slidmg 
in horkontal tracks fastened to the outside of the cage. 

The standard procedure is as follows: Both doors to the two 
windows are closed The turntable is adjusted so that the diameter 
drawn through the two boxes is exactly parallel to the side of the 
cage through which the animal works. Both boxes arc closed. The 
door covering the upper window is pulled back and the exparunenter 
goes to whichever side is to be the positive one on that trial As 
soon as the animal is at the grille and watching, the experimenter 
opens the box, diops the food into the cup, closes the box, and finally 
closes the door over the grille After the proper delay intcival has 
elapsed the experimenter, out of view of the animal, pulls open first 
the top and tlien tlic lower door As soon as the lower door is 
opened the animal reaches out, grasps the edge of tlic turntable and 
turns it in one direction or the other. Having turned 90 degrees, 
the chimpanzee opens the box and reaches into the cup, whether 
or not he finds food there depends on the conectness of liis choice 
Both doors are closed; the table is brought back into position and, 
if the last response was wrong, the food is taken out of the cup not 
selected. The next trial fallows immediately. 

2 For Moos and Veit a pull-m apparatus was employed. The 
restraining cage is one built by Dr. T. A. jeackson; It is 183 cm. 
long, 100 cm. wide, and 200 cm. high. In one of the short sides is 
a barred opening, 84 cm. square, extending upward from the floor 
level, through which the animal worf^ Facing this opening and 
resting on the floor is a platform, 84 cm. wide, 210 cm. long. At 
the far end of the platform is a vertical screen, 97 cm. wide, 180 cm 
high. Into this screen, 50 cm. above the piattoim, an opening, 25 x 
87 Cm,, is cut, covered by a hinged door Soincwlint Inghci is a 
square opening covered by copper screening painted white on the out¬ 
side and affording one-way vision. Centered on the platform arc 
two lengths of wood, approximately 1 5 cm square, in the shape of 
a T The shorter arm of this T, 84 cm. long, is parallel to the 
working side of the cage. The longci arm, 220 cm., piojects thiough 
the center of the bottom of the screen. On the platform also arc 
two food boxes, 10 x 10 x 12 cm., having neitliei top nor back side. 
A cord attached to the front of each box is fastened at tlic other end 
to a point 16 cm to either side of the center of the shorter arm of the 
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T A second cord, fastened to the back of each box, extends through 
a small hole in the screen. 

The following procedure was employed with this apparatus. By 
means of ropes passing over pulleys the experimenter, located behind 
the screen, raises a wooden door covering the baired opening of the 
cage. Reaching thiough the hinged door in the screen, he drops a 
piece of food into one or the other of the two boxes, located on the 
platfoim directly in front of the screen. The T has previously been 
drawn back, so that the two cords attached to the shorter aim are 
out of reach of the animal By means of a rope, the door to the 
cage is then closed At the end of the delay interval it is opened 
and at the same time the T is pushed forward, bunging the two 
cords within easy reach of the animal, who responds by pulling on 
one or the other Oidinarily only one box is pulled in, in the few 
instances of vacillation and alternate pulling on one and the other, 
whichever box first reached a point half-way to the grille was con¬ 
sidered the animal’s "choice,” since bej'ond this point it is possible 
for the subject to look into the box and see whether oi not it con¬ 
tains food After response, the T is pulled back some 50 cm and 
the boxes are drawn back to the screen At the same time the door 
over the barred opening is closed A few seconds latei the next 
trial IS started, 

3 For Kambi a delayed response apparatus onginiaWy designed 
by us to test the effect of the number of alternatives for selection, 
and of the distance between them, was used. The restraining cage 
is 110x80 cm and 78 cm. high, its floor is formed by a table top, the 
ceiling and three sides by wire mesh One of the long sides is 
covered by vertical bars, 7j4 cm. center to center. Facing this side 
IS a second table, 110x80 cm On this table is a board 94x24 cm 
on which the two food boxes, each 10x10x12 cm., are mounted. 
The distance between these two boxes, center to center, is 25 cm 
The top and front side (one piece) of each box is hinged to the back, 
so that the animal can open it easily, when the lid is closed (by 
gravity) it is impossible to see whether or not the box contains food 
By means of an iron rod attached to the back of the board, the two 
boxes can be drawn to the back of the table, out of reach of the 
animal, or pushed foiward to the baried side of the restraining cage. 
A laised frame aiound the edges of the table keeps the board with 
the attached food boxes always exactly parallel to the front edge of 
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the table. A screen, 36x102 cm, made of Upson boa.d and con¬ 
taining a one-way vision mirror (Argus glass, obtained from Semon 
Bache and Co. New York Citv), is so hinged to vertical supports at 
the ends of the table that it can be lowered in front of the food 
boxes during the delay, oi in back of the boxes while tlicy arc being 
halted and during the response The expen'mcntci is seated behind 
the far side of the table and is visible to the animal only wliilc tiie 
boxes are being baited and for a hiief moment before response as 
the board with the two boxes is pushed foiward towaids the 
restraining cage 

The piocedure employed with this apparatus was as follows* The 
boxes being in the far positioji, and the screen swung to its position 
behind them, the expenmcntei opens one of the boxes and places the 
food inside, the lid of the box then falls into the closed position and 
the screen is turned forwards so that it entirely obscures the view 
(by the animal) of the two boxes. At the end of the delay intcival 
the screen is raised, the board with the two boxes is pushed foi wards, 
and the screen is lowered behind the boxes. The animal, reaching 
through the grille, opens one of the boxes and, if his i esponse has 
been correct, takes the food The boxes are then immediately pulled 
back again, food is removed (in case response was Incorrect), and 
the next trial is begun. 


Certain features of procedure weie common to all four subjects 
of the experiment In order to obtain "delay limits,** the lengtli of 
the delay intervals was increased gradually accoiding to a system 
similar to one used and discussed by us in a previous paper (2). 
Except m the "mixed series,’* described in the next section, the delay 
was constant for a senes, that is, for all trials given in succession 
during one expeumental period.® When the score (percentage 
correct) on a series dropped to 75 per cent or less, the delay interval 
used in that series was repeated in the next series If the score now 
increased to 80 per cent or better, a longer delay was used In the 
following test senes If, on the other hand, repetition of a given 
delay interval resulted m an even lower score, it was arbitrarily as¬ 
sumed that a delay limit had been reached. The only exception 


val9 were used in every senes, a five-second deiny on every second trial, 
Sr (which were increased from 
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made to this rule was when some distinctly unusual circumstance 
(c.g, distraction) was the obvious cause of the low score, in which 
case another series at the same delay was given A numbei of series 
in which the degiee of difficulty giadually increased until a "limit” 
was reached is here called a test group. Within a group, the amount 
of incentive per trial and the number of trials per series lemained 
constant. 

As far as possible, all factors except the experimental variables 
were kept constant from one test group to the next. Special atten¬ 
tion was directed to the following (a) Time of day and feeding at 
mealtimes, (b) Interval elapsing between successive trials of the 
same series (c) Movements of the expcrimentei and time taken for 
baiting, that is, time during which the animal gets his cue for the 
next response, (d) Distractions and all stimuli which might lead to 
an abnormally favorable or unfavorable emotional response, (e) The 
quality of banana used as incentive was kept as constant as possible, 
care being taken that it contained no blemishes and that it was 
neither too green noi over-npe. The banana was cut into slices; 
the indicated weights include the skin which was usually eaten. For 
Bokar and Moos both small and large incentives consisted of a 
single piece, for Kambi and Veit the laiger icwards consisted of two 
or four 5'giam pieces 

Results and Discussion 

Test tiials were not begun with any animal until the subject had 
reached a ceitain level of performance with a short delay, about five 
seconds, the minimum possible with the methods used The required 
motor response was mastered rapidly in all cases; following this, 
preliminary delayed response trials were begun The amount of 
such pieliminary training necessary to attain the required degree of 
accuracy varied considerably from individual to individual For 
Bokar this tiaining period covered 28 days during whicli 458 trials 
were given, at the end of this time his scores were 90 oi 100 per 
cent. It should be noted that Bokar was a relatively “unsophisti¬ 
cated” animal, that is, he had been used pieviously in only one other 
experimental study. Moos, an animal with much experience in 
laboiatory work, responded almost perfectly on the first day, his 
training preliminary to the test series reported in the following tables 
consisted of 20 successive trials Kambi, whose earlier expeiience in 
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laboratory experiments was somewlwt Jess tlian that of Moos, was 
given 40 preliminary trials distributed over four days Vclt, for 
whom the present study meant iniu’ation to laboiatoiy work, was 
started on the apparatus used with Kambi; he did not ‘‘df'Pt well 
and was transferred to the pull-in apparatus after six days 1 here he 
■was given 120 trials on 13 days On four of these days he icfused to 
work at all; apparently he %vas at first afraid of the solid dooi which 
closed the grille during delay intervals. 

Tables 1, 2, 3, and 4 show results for four animak in the mnin 
experiment; m Figure 1 these data aic presented giaphically. Tlic 
chronological sequence of tlie tests may be loliowcd by reading down 
in the column marked "Test group I," then going to the next column 
and so on Except foi the final senes m some of the gioups, and as 
otherwise noted in the tables, the scores as given indicate the per¬ 
centage of correct responses for one series of trials given in succession 
during one experimental period. The number of trials in a sciics is 
shown at the top of the column. Wlicn scvcial scores arc entered 
for one delay interval, it indicates that a conesponding number of 
series were given at that point, in accordance with the systematic 
procedure of increasing delays outlined above. Tlic symbol "E” 
means that the animal manifested an emotional upset which pre¬ 
cluded, in the opinion of the cxpcriincntci, tlic pos'^ibiJitv of pio- 
ceedmg to longer delay intervals Such cmolional disturbances 
found expression in a variety of forms: hesitation in icspondiiig, re¬ 
fusal to watch the baiting, whimpering, screaming, and even temper 
tantrums; they gave supplementary evidence that ii delay limit had 
been reached The notation "Ind’* is cnteicd when the animal, 
during the last series of a gJOup, maiMfcstcd indiffcjence anil lack 


of attention rather than an emotional outbuist Appaicnt indif¬ 
ference to the baiting was not always an indication that the maximum 
delay had been attained, since certain animals, especially Kambl and 
Moos, often seemed to make a point of being "casual" in their atti¬ 
tude, giving merely a fleeting glance over the shouliicr as banana 
was being placed in one or the other box. Wc feci, howevei, that 
such nonchalance could be differentiated fioin the innic antagon¬ 
istic attitude appearing with Jong delays, and liave made the notation 
Ind only m the latter cases A plus sign, on the othci hand, in¬ 
dicates that the animal was still woiking well ,it the maximum delay 
ennploycd and probably would have worked satisfactorily at longer 
intervals. An italicized number within a column Indicates the point 
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TABLE I 


Bokar 

Showing percentage correct responses with varying number of trials per 
series, length and sequence of delay intervals, and amounts of reward 


Teat group 

I 

II 

III 

IV 

V 

VI 

No, trials 







per scries 
Amount of 

30* 

20 

10 

10 

S*» 

5 

banana 
per trial 

12 gms 

12 gms 

12 gms 

60 gms 

60 gms 

12 gma 

Delay 

5 sec 

96 

100 





10 

100 

95 

100 

90 



IS 

93 

100 

100 

100 



20 

93 

100 

100 

100 



25 


100 

100 

100 



30 

100 

100 

90 

90 



40 



100 

90 



45 

93 

75-70-85 





so 



90 

100 



60 

100 

80.95t 

70-100 

90 


100 

70 




100 



75 



90 



100 

80 




100 



90 

74 

90 

70-90 


100 

100 

100 





100 


105 



60-60 



100 

110 



E 


100 


120 

50 

75-50-40 



90 

100 

135 


E 



100 


ISO 





80 

80-m 

165 





80 

E 

180 





100 


210 





100 


240 





90 


300 





100 


360 





80 


420 





100 


S-IO 





100 


720 





100 


900 





100 







+ 


*Score for 5 

sec based 

on 113 trials, for 90 

acc on 

23 tiiala, 

for 120 sec. 


on 14 trials, and for nil other intervals on IS trials See footnote, p 54 
**Two series of five trials given at each delay interval, each score based 
on 10 trials 

tScries at ISO sec repented because of indication, at end of first acrica, 
of an emotionnl iipaet 
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TABLE 2 
Moos 

Showing percentage correct responses with varying number of trials 
per series, delay intervafs and amotinfs at reft aid. _ 


Test group 

I 

II 

III 

IV 

V 

VI 

No trials 
per senes 

20 

10 

20 

10 

1C 

10 

Amount of 







per trial 

SglTiS 

6gms. 

3 gma. 

3 gms. 

12 gins 

3 gms 

Delay 







5 seCi 

85 






10 

90 






20 

90 

90 

70-90 

90 

50-100 

100 

90 

25 

6S-70 85 

90 

95 

100 

90 

90 

30 

75-100 

100 

95 

80 

100 

100 

40 

65-90 

100 

85 

100 

100 

100 

^0 

75-80 

100 

90 

90 

100 

100 

90 

75-85 

100 

6S-7S-8S 

50 

100 

100 

120 

80 

m 

+7 

E 

90 

100 

ISO 


70-50 

E 



25 

180 

65-60 

Ind 



80 

E 

240 

£ 




100 


300 





80 







d- 



below which a score of 80 per cent or better was not attained; the 
data indicate that these "iimits** are rather definite and that further 
trials, under the conditions specified, would not have changed them 
Our records of qualitative aspects of the animals’ bciiavioi strongly 
support this conclusion. 

The Effect of Practice and 'Number of Tiiah per Sencs, As was 
indicated above, the initial adjustment of the animals to the experi¬ 
mental situation manifested itself as a more or less gradual iinpiove- 
ment in accuracy of performance This improvement was especially 
pronounced in the less “sophisticated" subjects, whose initial scoics 
were not far from a chance level. Once a certain degiec of pro¬ 
ficiency had been reached, however, the factor of practice isolated 
from other influences apparently had no appreciable or consistent 
effect either on the scores at a given delay interval or on the limits 
of delay We would draw attention particulaily to the recoids of 
Bobr (Groups 1,11, III), of Moos (Gioups I and 11, III and IV), 
of Kambj (Groups I and II, HI and IV, VI and VII), and of Veit 
(Groups I, II, III), In only two cases docs the repetition of a 



TABLE 3 

Kambt 

Showing percentage correct responses with varying delay intervals and amounts of reward 
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TABLE 4 


VEtT 

Showing percentage correct responses wilh varying delay intervals 
^ 1 amounts of reward 


Test group 

No trials 
per series 
Amount of banana 
per trial 

1 

10 

5 gms. 

II 

10 

S gms 

Ill 

10 

5 gms. 

IV 

10 

20 gms 

Delay 

t 





100 




10 

90 



80 

20 

70-90 

90 

100 

90 


100 

60-60-100 

90 

90 

40 

100 

50-80 

80 

70-80 

60 

100 

50 

50-60 

90 

75 

100 

Ind. 

Ind. 

90 

90 

60-70-50 



80 

180 

Jnd 



90 

240 




90 





+ 



iOQ 

270 

240 

210 

lao 

190 

120 

£(0 

1*0 


FIGURE 1 

Dsla,y Limits Attained in Successive Test Groups, with Varying Amounts 
OF Incentive, by Each of the Four Subjects 

Chro-nobgical sequence from left to right A plus sign mclicnlcs that the 
animal was still performing with an accuracy of 80% or higher when trials 
were discontinued B=BQkar; M=Moos, K=:Knmhi; V=Velt. 
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senes with the same amount of rew«iid per trial result in impiove- 
ment in the limit, m one of these (Kambi) the change is slight, and 
in the other (Bokar) the particular distribution of delays within a 
senes and the interval of time (over two months) separating Group 
I from the following two groups must be taken into consideration, 
Offsetting the two instances of inctease with lepetition, there are 
four cases m which no change takes place, and three cases which 
show a decrease with repetition These data certainly would sug¬ 
gest that meic practice, once the prehminaiy adaptation to the situa¬ 
tion has been made, does not have any significant or consistent effect 
in laising the level of delayed jesponse pcifoimance in chimpanzees. 

In some of the test groups used foi comparison above (Bokar and 
Moos) the number of tiials per senes vailed, in each case decreas¬ 
ing with successive groups This fact would militate against the 
above conclusion only if it be assumed that a longei senes is more 
favorable to accurate performance than is a short senes of trials 
There would seem to be no leason foi making such an assumption, 
on the contrary, one might expect that fatigue, lessened motivation, 
increasing stialn or tension, and inteifciencc effects from preceding 
presentations and lesponscs would tend to favoi the shorter senes'* 
The following tabulation suggests that the number of trials per 
senes, within the range employed (5 to 30 trials), is of relatively 
small importance m deteimming the delay limits obtained 

Delay limit on the Becond test group is 
Highei The same Lower 

When the length of the series S// 0 )ler 12 1 

In the second group is T/ie same 12 2 

Our conclusions regarding the role of piactice in delayed lesponse 
on first thought seem to be in conflict with those of Foley and 
Warden (3) who conclude fiom their study that "There is no 
doubt but that the data show positive piactice effects *' Several im« 
poitdiit differences between the two studies must be taken into ac- 
count when making comparisons of the icsults (1) In one, the 
subjects were monkeys, in the other, chimpanzees (2) Foley and 
Warden weic inteiested in scores on certain delay intervals whereas 
we aie primaiily concerned with delay limits (3) As was men¬ 
tioned above, oui conclusions regarding piactice effects apply to ani¬ 
mals who have passed thiougli a preliminary adaptation pciiod dur- 


‘Sec also section below Analysis of errois 
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me which there was definite improvement m performance. It is 
quite possible, even piobable, that Foley and Warden s monkeys were 
still in what we have called the preliminary stage of adaptation 
when tested, in which case there would be no disciepancy between 
the results of the two studies. The fact that on the fiist 10-miiuitc 
delay the monkeys made scores very little better than chance sup¬ 
ports this interpretation. (4) It will be pointed out below that the 
nature of previous experiences in delayed lesponse, otliei than meic 
frequency of response, has a decided influence on Intel pcrfoniinncc. 
A six-second delay, for mstanpc, probably is not the same tiling after 
30 trials with a 40“second delay as it is aftei 30 trials with a thicc- 
second delay, The fact that 15-, 20-, 25-, 30-, and 40-second delays 
preceded the last 10-second delay tests may be a better explanation 
of the superiority m scores on this last group over the second gioup of 
lO'Second tests than the fact that opportunity for practice was af¬ 
forded in the meantime 

Tbt Effect of hureasmff and Decreasing Amount of Return (I per 
Trial. From Figure 1 and Tables 1, 2, 3, and 4 it may be seen tliat, 
without exception, increasing the quantity of lure used per trial 
raised the delay limits obtained (six instances), whereas decreasing 
the amount of reward (five cases) lowered the limits The num¬ 
ber of cases is of course too small to warrant rcJmbility computations, 
but the direction ot change is consistent and the magnitude of the 
differences convincing. It is to be noted that in four instances the 
ultimate limits obtainable with the larger rewards were not dctci- 
mined, and also that the steps by which the delay intervals were in¬ 
creased became progressively greater; the difterences therefoic are 
even larger than superficial examination of the tables would indicate. 

The exact quantitative relationship between size of reward and 
delay limits cannot be calculated from our data, first, because of lack 
of some of the limit determinations, and second, because of the 
fluctuations in such limits apparently produced by the piienomcnon 
of perseverating incentive effects discussed below. In Tpblc 5, how¬ 
ever, these relationships, in so far as they are available in our datn, 
are shown The relative increase m delay limit, it may be seen, is 
greater than the corresponding relative increase in the amount of 
reward used in five out of six cases; in one instance the two ratios 
are exactly the same. The relative reduction of delay limit is greater 
in two cases, smaller in two cases (and of uncertain relative magni- 
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TABLE 5 

Showing (1) the maximum delays obtained per unit of reward (one gm 
of banana) with varying amounts of reward per trial and 
(2) the relation between increases (and reductions) in 
amount of incentive and corresponding delay limits 


Animal 

Gms 
bnnnna 
Test per 
group trial 

Relative 
increase in 
(1) amount 
Sec delay of rewaid 
Delay per gm and (2) 

limits banana corresponding 
in (at delay limit 

sec limit) Reward Delay 

Relative 
decrease m 
(1) amount 
of reward 
and (2) 
corresponding 
delay limit 
Reward Delay 

Bokar 

I 

12 

60 

50 






II 

12 

90 

75 






III 

12 

90 

75 






v } 

60 

9004- 

15 0+ 

5 

10 + 




VI 

12 

ISO 

12 5 



2 

<.I7 

Moos 

I 

6 

120 

20 0 






II 

6 

120 

20 0 






III 

3 

90 

30 0 



S 

75 


IV 

3 

60 

20 0 






V 

12 

300+ 

25 0+ 

4 

5+ 




VI 

3 

120 

40 0 



25 

.4 

Kambi 

I 

5 

30 

60 






II 

5 

30 

60 






III 

10 

60 

60 

2 

2 




IV 

10 

75 

75 






V 

20 

300+ 

15 0+ 

2 

4+ 




VI 

5 

240 

48 0 



25 

<^.8 


VII 

S 

60 

12 0 






VIII 

20 

1200+ 

60 0+ 

4 

20 + 




IX 

S 

180 

36 0 



» 25 

<15 

Veit 

I 

5 

75 

15 0 






II 

5 

40 

80 






III 

5 

40 

80 






IV 

20 

240+ 

12 0+ 

4 

6+ 




tude in one instance) than the corresponding relative decrease in 
amount of reward. Another method by which the quantitative re¬ 
lationship between these experimental variables might be determined 
IS that of calculating the maximum delay, in seconds, obtained for 
each gram of banana used, when the total amount of incentive dif¬ 
fers in successive test groups In the fifth column of Table 5 we 
show this quotient, which may be appropriately termed the “cf- 
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ficiency index” of the incentive, for each test group of each of the 
subjects. Our data are too limited to permit any conclusions re¬ 
garding the form of the curve (efficiency index plotted against total 
amount of incentive), but it may be seen that in general tins index 
is higher for the large incentives than for the small, probably the 
expression of this tendency is obscured by the pcrscvcrativc oftects 
discussed below. Except for KambI and Veit, the efficiency index 
of the incentive cannot be compared from one animal to nnotlicr, 
since other factors, such as type of apparatus, absolute amount of 
Incentive, and experimenter, were not the same In the case of 
Kambi and Veit all such factors weic compai able 

Perseveiaiitiff Effects of the Iticentive. Tables 1, 2, and 3 and 
Figure I show that, after an animal has successfully performed at 
long delay inteivals under the condition of a large rcwaid, his sub¬ 
sequent delay h/iut with a sm-all mv.ird will be liighcr than it Iwd 
been previously. This is shown by Bokar (column VI), Moos 
(column VI), and by Kambi (columns VI and IX) I'beie is some 
indication in the quantitative data, and more in our qualitative obser¬ 
vations, tliac the effect of a small incentive also perseverates, nltcnunt- 
ing the scores on subsequent trials with laigcr icwaids The data 
suggest, fuitbermorc, that this “after-effect” of t))c jnccntivc (oj of 
the performance induced by the incentive) is not pcimanent but in¬ 
stead wanes with time or with repeated trials. Sec especially Tabic 
3, columns VI and VII. 

There are at least two general types of explanation jiossiblc for 
this perseverative effect: (1) After working at long intervals of 
delay, shorter intervals mny be relatively easier than they were be¬ 
fore, by contrast they may “seem” shortci than before. (2) Tlic 
"expectancy,” "set,” oi “attitude” induced by the larger reward may 
persevere until, gradually, it is replaced by one wliich confoims to 
the new (smaller) incentive. 

Mixed Series It appears from the preceding section that the in¬ 
centive in delayed response has a fairly diffuse, generalized influence ; 
the effect of large rewards, for instance, extends to pci fonnanccs oc¬ 
curring later in time. In order to determine wlictlici theic is, in 
addition to this general, pcisevcrating effect, some specific iiiflucnc.e 
on the response which directly follows the “baiting” or presentation 
of the incentive in association ivith one or the other food coiuainci, 
tests under the following special conditions were given thi cc of tlic 
animals. 



INFLUENCE OF AMOUNT OF INCENTIVE 


65 


In the Group VI tests a delay limit of 150 seconds had been de¬ 
termined for Bokar wlien the incentive consisted of 12 gms of 
banana (From what has been said above it appears that this limit 
would have been somewhat lower, probably about 90 seconds, if 
testing had been continued ) After completion of the Group VI 
tests, Bokar was given four days of 10 trials each (Table 6, Group 
A) with length of delay and amount of incentive varied in a simple 


TABLE 6 

Mu;bd Series Showing number correct responses with various combinations 
of short and long delays, small and large incentives. 

(cr) Bokar Maximum possible on each combination, 10 in Groups A 
and Cj S in Group B Total number of trials 100. 




Group A 

Group B 

Group C 

Total 

Delay 


ISO" 300" 

180" 360" 

300" 

600" 

No, 

% 


12 gms 

7 7 

5 5 

6 

6 

36 

72 

Incentive 

60 gms 

10 9 

5 5 

9 

10 

48 

96 



“Short” delay 

42 conect, 

84% 






"Long” delay 

42 coirect, 

84% 




(b) Mooi 

Maximum possible on each combmaiion 

10 Total number 


of triols 40 








Total 





Delay 


210" 420" 

No % 






3 grns 

7 9 

16 80 





Incentive 

2+ gms 

10 9 

19 95 







“Shoit” delay 

17 correct, 

85% 






“Long” delay 

18 correct, 

90% 




(f) Kambi 

Maximum possible on 

each combination 

IS in 

Group 

A, 

S in 

Group B Total number of 

trials 

• 92 




Group A 

Group B 

Tot.il 



Delay 


360" 600" 

360" 600" 

No 

% 




5 gms 

11 11 

8 7 

37 

80 



Incentive 

20 gms 

14 12 

8 8 

42 

91 





"Short” delay 

41 correct, 

89% 






"Long” delay 

38 correct, 

83% 





alternation sequence from trial to trial according to a prearranged 
schedule. On the first day trials with a small reward (12 gms ) and 
short delay (150 seconds) alternated with trials involving a large 
reward (60 gms ) and long delay (300 seconds). On the next day 
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trials with large reward and short delay alternated with small 
reward, long delay trials. The schedule for the entire 10 days (100 
trials) of the mixed series is given herewith j m eacli case the con¬ 
ditions for the first two trials only arc given, the remmiiing eight 
trials being repetitions of this first parr. 


Jat day (Trtn! I) smnJi reward (12 ffms), 
( “ 2) large reward (60 “ ), 

^tidcfay (TriaJ t) lirgt 
( “ 2) small 

3rd day (Trial I) large 
( “ 2) small 

4th day (Trial 1) small 
( " 2) large 

5th day (Trial I) small reward (12 gms ), 
( " 2) large reward (60 " ), 

6th day (Trial 1) small 

( " 2; large 

7th day (Trial 1) large reward (60 gms), 
( " 2) small reward (12 " ), 

8th day (Trial 1) large 
( “ 2) small 

9th day (Trial 1) small 


(ISO sCL(ltuls) 
(300 " ) 


( 


2) large 


short dcinv 
long delay 
short 
long 
long 
short 
long 
short 

short del.iy (ISO seconds) 
long delay (300 “ ) 

long 
short 

short delay (300 seconds) 
long delay (600 “ ) 

long 
short 
short 
long 
long 
short 


10th day (Trial 1) small 

? “ 2) large 

On the fifth and sixth days the “short” delay was increased to 180 
seconds, the “long" delay to 360 seconds (Group D). lietwccn 
Group B and Group Cj Bokar was given four days of 10 trials each 
with a constant reward of 12 gms. and with increasing delays. Re¬ 
sults for these four days arc as follows. 


Ist day 

Delay ISO aeconda, 

score 90 per cent correct 

2nd day’ 

180 

90 

3rd day. 

240 

90 

4lh day. 

300 

20 


The last four series of mixed trials (Group C, Table 6) accordingly 
wert* given with a short delay of 360 seconds and n long delay of 600 
seconds. Following the last of the mixed scries, 10 trinh were given 
with 12 gms reward per trial and a delay of 300 seconds; the score 
was 70 per cent correct 

Moos was given only four series, 10 trials each, of tlic mixed 
series. The schedule of alternations used conesponded to tlic 7lh, 
8th, 9th, and 10th days of Bokar's schcdulcj for Moos, liowcvei, the 
rewards were 3 gms. and 2+ gms, the delay intervals 210 -seconds 
and 420 seconds, respectively. It is to be noted that the short delay 
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IS well above the maximum attained m Group VI (Table 2) when 
a 3-gm. reward was used on each trial Results are presented m 
Table 6. 

For Kambi the incentives used tn the mixed senes weighed 5 gms. 
and 20 gms, respectively, the short delay was 360 seconds, the long 
delay 600 seconds Six senes of 10 trials each (Group A) and four 
series of eight trials each (Group B) weie given. The system of 
alternations in Group A couesponded to days 7, 8, 9, 10, 7, 8, m 
Group B to days 7, 8, 9, 10 of Bokai's schedule (see above) The 
shorter of the two delay intervals employed in the mixed series was 
about twice as long as the maximum attained with a 5-gm. reward 
in Group IX (Table 3) After completion of the Group A mixed 
series, Kambi was given 10 trials with a constant incentive of 5 gms. 
and a delay of 360 seconds; her score was 50 per cent correct. At 
the end of the Gioup D series, scoies of 88 per cent, 100 per cent 
and 75 per cent wcic obtained on three successive days of eight 
trials each • 5 gms. reward, 360 seconds delay 

Table 6 indicates (1) that, under the conditions of the mixed 
senes, the amount of incentive which the animal sees being placed 
into the container duiing the presentation period is of significance® 
in detcimining the accuracy of the following response, (2) that 
undei these conditions the length of the delay interval is relatively 
unimportant; and (3) that interspersing iaige-rcward trials among 
the small-reward trials lesults in a better performance (greater 
accuracy) with small incentives than is possible when only small re¬ 
wards aie used This suggests, then, that the incentive in delayed 
lesponse has botli a general effect (as was also determined in the 
previous section) and an effect specific to the response following 
piesentation (sight) of the incentive 

Scores at Certain Delay Intervals under Varytttff Conditions 
With the exception of the section on mixed series we have em¬ 
phasized, in this papei, the effects of the experimental variables on 
delay limits rathei than on scoies at given delay intervals The mam 


“Using the formula \ - , and combining Groups A, B and C, 

n 

we find that the difference between Bokar'a stores with small and large 
rewards, respectively, is 3.5 times the SD of tlie difference Neither of 
the other differences are statistically reliable, but all are consistent in 
direction. 
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part of this experiment was planned to facilitate comparisons of he 
former kind rather than of performances at certain cvels of dif¬ 
ficulty. Consideration of tlic varying number o trials given in a 
senes (errors increase towards the end of a scries) and especially of 
the perseverative effect of the incentive, indicated above, maket. it ap¬ 
parent that comparisons by the second method will not be un¬ 
ambiguous With this warning, we piescnt. in i able 7, a summary 
recapitulation of the data, in which only scores on immediately suc- 


TABLE 7 

Showinc relative magnitude of scores at the same delay intervals when the 
incentive (a) is the same, (/») increases, and (r) decreases 
In successive test groups 
(fl) Same amount of reward per innl 


Test groups 


Scores the same 
First score 
higher 
Second score 
higher 


Test groups 


Scores the same 
Small reward scores 
higher 

Large reward scores 
higher 



Mo09 


Kainbi 



Vcit 

Total 

11 

I 

III 

I 

III 

VI 

I 

II 

numher 

Sc 

Sc 

& 

& 

k 

k 

& 

k 

of 

III 

II 

IV 

II 

IV 

VII 

11 

Ill 

inotnnccs 

3 

0 

1 

1 

1 

1 

0 

0 

7 

3 

1 

2 

0 

1 

1 

2 

0 

10 

I 

i 

2 

2 

2 

2 

1 

3 

19 


(ii) Increasing amount of reward 


Bokar Moos 

in & 

IV, IV & 


Kambi 

IV 

k 

V 


Totfil 

number 

of 

instnnccB 


(c) Decreasing amount of reward 


Test groups 


Scores the some 1 

Small reward scores 
higher 2 

Large reward scores 
higher 1 


Kninbi 


VIII & 
IX 


Total 

number 

of 

inBtniiccs 
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cessive test groups (adjacent columns in Tables 1*4) aie compared. 
Where there are several scores at a certain level within the same 
group, these have been averaged No scores appearing below the 
Italicized numbers in Tables 1 to 4 inclusive weie used in making up 
Table 7. Group I of Bokar’s record is omitted because of the 
special conditions obtaining in these test senes The amount of dif¬ 
ference between scores is not considered; the figures in the tabic 
show merely the numbei of cases for each direction of difference. 

Analysis of Enors. In Table 8 is given a partial analysis of the 
errors made by the several animals in successive portions of the ex¬ 
periment It IS seen that some of the subjects had rather decided 
left-right preferences or tendencies, these animals seemed to be work¬ 
ing on the principle When in doubt, take the right (or left) box 
Of particular mteiest is the pieponderance of errors during the last 
lialf, as contrasted with the first half, of each sciies Table 8 has 
a total of 30 divisions in whicli the pertinent data are available 
(last three columns); in 20 of these the second half has more errors 
than the first half of tlie senes, m two cases the numbei s are equal. 
The significance of this finding is enhanced when considered in con¬ 
nection with the fact (see above) that the number of trials per 
scries seems to have no effect on the scores or delay limits obtained. 
It 13 tempting to conclude that the animals anticipated oi had a 
“set” for the length of the experimental peiiod. A more detailed 
analysis of the distribution of errors, not piesented here, shows that 
the number of incorrect icsponscs does not increase with any leg- 
ularity towards the end of the senes, the error curve shows marked 
fluctuations. 

Respojise Time. During all of Moos’s trials and during the latter 
half of the trials given Kambi, the time elapsing between the moment 
when the animal first had opportunity to respond and actual initia¬ 
tion of overt response was measured with a stopwatch and recoided 
Inspection of the records indicates a small positive correlation be¬ 
tween average response time and number of errors in a senes, within 
a senes wrong responses have, on the average, slightly longer response 
times than have coricct lesponses The amount of incentive used in 
various test groups does not conelate with averngc response time. 

Summary 

Four young chimpanzees were used in delayed response situations 



70 


H. W. NISSEN AND J. H ELULR 


table « 

Showing Nomder of Errors Made om Leht and Right Sidps, and During 
THE First and Second Half of Each Siiairs oi FRiai s 



No of 
trials 

Total 

errors 

Errors on 
Left Right 

Errors in 
first second 
half of half nf 
senes scries 

Eirots last 
vs first 
half of 
senes* 




Dakar 





Preliminary 

training 

458 

101 

63 

38 

45 

50 

i- 

Group I 

2+0 

20 

13 

7 

9 

11 

+ 

II 

300 

44 

18 

26 

13 

3l 

4- 

III 

I+O 

18 

14 

4 

3 

IS 


IV 

100 

+ 

2 

2 

3 

I 

— 

V 

160 

8 

5 

3 

3 

5 


VI 

35 

4 

0 

4 

2 

2 

= 

Mtved senes 

100 

U 

8 

8 

3 

8 

= 

Total 

1533 

215 

123 

Maos 

92 

86 

129 


Preliimnary 

training 

20 

4 

No record 


-h 

Group I 

360 

75 

31 

44 

29 

46 

II 

100 

13 

8 

5 

9 

4 

— 

III 

180 

33 

13 

20 

9 

21- 

+ 

IV 

70 

8 

5 

3 

3 

5 


V 

100 

6 

1 

5 

4 

2 

__ 

VI 

7+ 

5 

2 

3 

5 

0 

—, 

Mixed senes 

+0 

5 

2 

3 

3 

2 


Total 

9+4 

149 

62 

Kambi 

83 

62 

83 


Pre/imfrrary' 

training 

40 

16 

8 

a 

9 

7 

_ 

Group I 

90 

29 

13 

16 

12 

17 

+ 

II 

70 

17 

8 

9 

8 

9 

-h 

III 

80 

23 

13 

10 

6 

17 

4- 

IV 

90 

17 

6 

11 

9 

8 

_ 

V 

100 

9 

1 

8 

1 

8 


VI 

110 

IS 

9 

9 

10 

8 


VII 

70 

11 

6 

5 

4 

7 

+ 

VIII 

120 

11 

7 

4 

3 

3 

-1- 

IX 

120 

Z1 

8 

13 

6 

15 


Mixed series 

92 

13 

4 

9 

4 

9 

-t- 

Total 

982 

ISS 

83 

Felt 

102 

72 

113 

Preliminary 

training 

120 


Record 

incomplete 



G/otip I 

no 

17 

13 

4 

7 

10 


II 

70 

21 

18 

3 

8 

33 

+ 

lit 

50 

12 

10 

2 

4 

8 

+ 

IV 

IDO 

IS 

14 

1 

5 

30 

+ 

Total 

450 

65 

55 

10 

24 

41 

All animals 

3209 

614 

323 

287 

214 

366 



r;-- =i(su iiltdMs mat more errors were roaue during the last hnJf of 
***•*• * "‘>n«8 sign indicates the reverse 
reiationstiip and an equal sign shows that the number of errors was the 
same in both halves. 
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for the purpose of determining the effect of quantitative variations 
of the food incentive on performance 

The data show that an incicase in amount of incentive used con¬ 
sistently increased the delay limits Decrease in amount of incentive 
always resulted m lower limits. 

The amount of incentive affected not only response within a given 
trial, preceding ingestion of the reward, but produced also a gen¬ 
eral perseverative effect on subsequent responses, raising or lowering 
efficiency of performance according to the relative size of the incen¬ 
tive. 

The ‘‘efficiency index” of the incentive, that is, the quantitative 
relation between amount of incentive and delay limits, is discussed. 

After preliminary adaptation to the situation, mere practice did 
not increase delay limits. T(.e number of trials given in succession 
likewise seemed to have no Influence 

More errors were made in the second half of each series than 
during the first half, regardless of the length of the series. 
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T.rMT'TirFNirir df LA QUANTITY DU STIMULANT SUR LE Rli^DE- 
^ MENT Se! ?nrMPANZfiS AVEC DES R^PONSES RETARDfiES 

(R£sum£) 

Dan cette ^ude il s’agit dw effcta g4n6raux ct spdcifiqucg des vurint.ous 
quantitative^ de la nourritiire comme stimulant sur Ic rendcincut (b quntrc 
ieunes chimpnnzis nvcc dea rfponsea retardies. 

En employant ..ne quantiti donnec dc recompense, on n entmini chnqtic 
stife? h choiL Pnne de deux boHes de nourritu.e dans Inquc Ic .1 ava.t vu 
placer de la nourrlture par l*e*periment«te..r ^ L'.ntcrvnilc (le temps ci.trc 
U raise de nourntuce dans la boite et IVcnsion cle la reponse a dtd sys- 
timatiquement augment^ ju«|«*A cc que I'oci avait attc.nt In Imiitc de la 

"une^augmentation de la quaiitui de In licompcnsc n donnd consiquemnicnt 
comme risuifnt une augmentation de la diiric ab le aujet a pu rdpondre 
comme il faiit Ln dicroissance de la quantity de In rdcompenae n prodiiit 

I’effet contrnire , »j . • , 

Outre I'effet sur I'exactatiide de la riponse qui pricCde la vraie ingestion 
de U ricompense, la quantit6 du stimulant produit un cITet Rinirnl de 
persivdrntion sur les riponses siibsiquentes Apiia quun nnnnnl aura 
inontri tin rendement riussi ik dc longs intcrvalles do ictnrdation sous la 
coTidition d'une grnnde ricompense, sa limlte de retardation sexn plus 
ilev4e qu'aupnrovant On montre qtie lea offets dc I’cxcrcisc sciils nc 
peuvent cxpliquer cet elTet. Quand on entrcmcle des ipreuves it grnnrle 
ricornpense ftvea dca ipreuves 4 petite riconipcnse, on n cojnnie riaullnt un 
msdUut lendement av«c ia pelUe ricoinpense que Von nc peut avoir quand 
la sirie ae compose entiirement d’iprcuves petite ricompensc 

NifiSBM nT Er.or-R 


DER EINFLUSS DER MENGE DES ANSPORNES AUF DIE VER- 
ZOGERTE REAKTIONSLEISTUNGEN BEI SCIIIMPANSEN 
(Refeiat) 

Dieses Stiidtum beschatigt sicli mit deii nllgemcincn und bcsondcrcn 
Wirkungen der quanritatlven Veranderungen des Foiternnspoinus auf dio 
verzdgerte Renktionsleistungen von vier jiingen Schimpansen. 

Beim Gebrauch emer bestimmlen Mengc Fuller nls lleloliniing ivurdc 
jedes Tier tramiert, cinen von zwei Fiittcrknstcn ivnidcn, in den cs 
den VI. das Putter hineinslecken sah Dcr Zcitrnum 4\visclien der Ladung 
dea Knstena und dci Gclegenheit zur Rcagiening vviirdc sysicnintiscii 
veigrosscit, bis die Grenze der Vcrzogerving errcicbt vmrde 

Die fortJaurende Vermebning der Mcngc der Belohming orgnb cine 
Verniehrung der Zeitdaiier, die bei jedem Tier zum nclitigcn Rcagicrcn 
notig war. Die Vermindening der Bclohnung hnttc die cntgcgcngcact/te 
"Wirkung 

Ausser dem Einftiias auf die Cenniiigkcit der Rcnktioii vor der cigciit- 
liclien Einaahme tier Belohming eizeiigt die Mengc tics Ansporncs cine 
allgcnicine Bcharrlichkeitswirkung auf naclifolgeiide Ilenktioncn, Nachdem 
das Tier die Leistung erfolgreacli uber langc verzogerte Zcitnbstniulc unter 
dcr Bedingung einer grosseii Belohnung ausgefubit hat, wiul seine Vei- 
zogerungsgrenze mit einer klcinen Belohming hoher soin, nls aio vnrlier 
war. Es zeigte sich, dnss die Obungswirkungcn allcin these Wirkimg 
nicht erklaren konnen, Die Einmischiing von groasen HololmunRen nut 
K einen Belohnungen ergibt eine bessere Lciatiing mit dcr klcinen Belohnung, 
wenn die Relhc ganz ana klcinen Belohnungen 
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SECOND YEAR DEVELOPMENT OF A RHESUS 
MONKEY (Macaca mulatta) REARED IN 
ISOLATION DURING THE FIRST 
EIGHTEEN MONTHS-^^ 

From the Lahotaiory of Comparative Psychology, Columjna University 
John P. Foley, Jr 

The piesent paper represents a continuation of a pievioiisly re¬ 
ported study of the development of the ihesus monkey (Macaca 
mulatia), and deals with the second postnatal year, the first half 
of which was spent in continued isolation, and the second half in 
contact witl) other members of the colony The need for such 
natuialistic and observational studies of the development of various 
primate forms needs no verbal justification A detailed study of 
the ontogeny or developmental continuum of such an oiganism seivcs 
as an essential backgiound for related investigations of a more 
expel imentally controlled nature. The interpretation of the be¬ 
havior of animals in various expciimental or laboratory situations 
can be legitimately made only in teims of its larger genetic con¬ 
figuration or meaning—the reactional biography of the oiganism 
(cf 5, pp 39-41) Ycikes (41) has admiiably stated the need foi 
standaidized primates, particularly of the anthropoid type, showing 
the many risks and disadvantages of using animals whose age or 
developmental status, sexual condition, disease history, and ex¬ 
perience are unknown Nissen (24) has pointed out, foi example, 
how many of Kohlci’s Umnvaffe and instrumentation situations (20) 
might readily be explained in teims of behavior meclianisms acquired 
and frequently executed in the natural habitat of the chimpanzee 
lather than m terms of “insight” or some other vague and highly 
complex mental process 

Not only is an understanding of the development of general 

‘‘Accepted for piibhcatian by C J Warden of the Editorial Board and 
received in the Editorial Office, Pebiuary 1, 1935 

^Acknowledgement is gratefully made to Dr. C G Hartman of the 
Department of Embryology, Cainegie Institution of Washington, Baltimore, 
Maryland, for the donation of the subject of known parentage and gestation 
age, and to Dr. C. J Warden, of the Laboratory of Comparative Psychology, 
where the investigation was carried out, 
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modes of primate response essential to interpretation of experimental 
data, but it likewse enables the investigator to formulate a problem 
more in accord with the naturalistic behavior systems of the animal. 
Tlius the elaborate and highly controlled cxpeiimcntal investigation 
must take into consideration a wide variety of factors specific to the 
organism to be utilized, such as dominant receptor and reactor 
systems, dietary (especially maximal and minimal motivating con¬ 
ditions), geneial and specific rhythms and physiological conditions, 
and, above all, previous life history. Nissen (24-, p 4) has pointed 
out that “we should never be able to posit limits for infra-humnn. 
capacities without knowing how these creatures act in an ciiviion- 
ment which, so far as we can know, may he infinitely more favoi- 
able for the development and expression of such capacities than is 
a Inboratoiy setting ” 

The recent foundation and growth of institutions for the study 
of primate behavioral development both in laboiatoiy and field 
situations, such as is fittingly exemplified by the tnpartitc division 
of the Yale Laboratories of Psychobiology as described by Yerkes 
(39), argue for the importance of the parallel growth of both 
supplementary methods of approach. It should be pointed out, 
however, that so-called laboratory or experimental and field or 
observational investigations aie not antagonistic, opposite, mutually 
exclusive, or intrinsically difterent, but differ m the relative amount 
of control imposed upon the oiganism-in-environmcnt situation. 
Thus m the average field study no extraneous control whatsoever 
is imposed eithei upon the organism or upon its stimulating con¬ 
ditions, direct observations being made of the various leactions of 
the animal under such naturalistic conditions. In the Inboiatory 
experiment, however, various artificial restrictions are utilized, 
such as a priori selection of a given lesponsc or series of responses 
for experimental study, elimination of certain stimulational cues, 
enhancement of particular motivating conditions, etc. 

The necessity for complete data on the rcactional biography of 
the individual organism, and in some cases control over stimulating 
conditions from birth onward, is now quite generally lecognized. 
In comparing the behavior of vaiious primate forms, serious con¬ 
siderations should be given to the wide differences in both anatomico- 
physiological and psychologico-bchavioral development fiom primate 
to primate (cf. 5). As Kellogg (18) has further pointed out. 
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comparative psychology frequendy fails to recognize the tremendous 
role played by environmental influence upon captive wild animals 
both prior and subsequent to their laboratory debut. Any one who 
has had first-hand acquaintance with the usual capture and transpor¬ 
tation conditions of wild animals will often wonder how such 
animals have ever been successfully used for behavior research. Any 
such wild animal who adapts to a strict laboratory routine has 
exhibited a far greater degree of behavioral modifiability than is 
required or produced by the average experiment. 

The writer has elsewhere (5) leviewcd the literature dealing 
with the developmental aspects of the early behavior of the Macaca 
mnlaiia, and has discussed both the implications and possibilities of 
such research. That such studies are as yet surprisingly few indi¬ 
cates the complex of difficulties attendant upon any undertaking of 
this nature, as well as the past failure to recognize the various 
potentialities, both theoretical and practical, of this research It is 
satisfying to note, however, that psychological and psychobiological 
research on the development of infra-human primates is increasing 
botli in amount and m span of undeitaking, and the resulting 
mateiial is rapidly becoming data for a more inclusive science of 
compaiative or evolutionary psychology (cf. 6) 

Problem 

The present article reports fragmentary data on the second year 
development of a rhesus monkey (Macaca mulatta), reared for one 
and one-half years in Isolation fiom its mother and other members 
of the species, and subsequently housed with other monkeys both 
of a similar and different species The subject, a male, was subse¬ 
quently given the name “Kias.” The animal was born in the 
Laboi atones of the Department of Embryology, Carnegie Institu¬ 
tion of Washington, Baltimore, Maiyland, being the son of No 
106 of that primate colony Birth occuned m the early moining 
of Octohei 9, 1932, after a gestation peiiod of 167 days The 
infant was forcibly taken fiom the mother on the morning of 
Octobei 12, thiee days after birth, and transfericd by automobile 
directly to New York, where it has since lemaincd in the Laboratory 
of Comp.uative Psychology of Columbia University. 

Thioiighout the subsequent two-ycai period, there was no at¬ 
tempt at tuition, nor was the animal rcaied as a pet Contact with 
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humans and other animals was kept at a minimum during the first 
one and one-half years, involving only the feeding and observa¬ 
tional periods, after which the subject was housed witli other 
monkeys and allowed to adapt and react with a minimum of external 
interference As previously stated (5), it should be emphnsizecl 
that the task was attempted ns an exploratory investigation oi pioneer 
study, the object being to test the feasibility of reaimg an infant 
monkey in isolation, with the attending pioblcms of diet, housing, 
and general care, and all other purposes were subordinated to tliis 
primary aim. Observations aie thus often brief and fragmentary 
rather than final and conclusive^ and this is all the more tiuc of 
the second year of development, since time for observation was 
limited It was deemed worth while to piescnt a few of the most 
outstanding data, however sketchy and incomplete, ns a furtlicr 
chapter in the rcactional biography of the subject The continued 
physical and behavioral development of the subject testifies to the 
realization of the priinary purpose of the project, and it is hoped 
that the infant Macaca mulaita will be incicasing))' utilized in 
future comparative psychological research. 

The first year development has been described in detail in a 
previous lepoit (5), and familiarity with the inatcnnl therein 
presented is necessary in order to grasp the relative significance and 
larger Gesialt of the present data. In order to avoid duplication 
as much as possible, many accessory data have been omitted In the 
present paper, and it is hoped that the reader will correctly regard 
the data reported in the following sections as as a mcic continuation 
of the previously reported investigation. As in the previous icport, 
not only is the gradual development of vaiious beliavioi segments 
described, but an attempt is made to con elate the acqu'mflon of the 
various reaction systems with the particular stimulating circum¬ 
stances which produced them. The sudden change of the subject 
from an experimen tally imposed situation of complete isolation to 
one of intimate association with other monkeys thiows additional 
light upon the nature of ceitain underlying behavior mechanisms 

Habitat 

Having been periodically transferred to increasingly laigcr 
quaiters at various times throughout the fiist year (cf. 5, pp. 51-52), 
the infant macaque, then over five months old, was finally housed 
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in a standard monkey cage in an isolated part of the primate room 
This cage was 28 x 35^ x 34 inches, with a front door of 1-inch 
diamond mesh, and with a wooden shelf 18 inches above the floor. 
A j4"ioch galvanized grill floor was situated above the sawdust 
floor pan. Here the animal was reaied in continued isolation 
throughout the remainder of the first one and one-half years, at 
which time, on April 9, 1934, it was transferred to a similar cage 
within the primate arena This arena is composed of two double 
rows of cages one on either side, facing each other, the ends and 
top of the intervening space being screened in with 1-inch diamond 
mesh so as to form a central enclosure or runway 6 feet wide, 
13 feet long, and 7 feet high. Here the subject could be daily 
allowed to exercise and play, both alone and with other selected 
animals The daily 30-minute period of Sunlamp stimulation was 
continued throughout the second year 


Dietary 

The standardized Columbia weekly feeding schedule for monkeys, 
begun at the eight month (cf. 5, pp 52-54), was continued thiough- 
out the second year (cf below) As before, a cod liver oil prepara¬ 
tion was also employed daily, made fiom Squibb’s Adex Tablets, 
with Viostciol, 10 D, powdered and mixed with Lactophos (bone 
meal). The daily evening ration of banana was partially slit 
longitudinally and a small amount of this powder sprinkled inside, 
thereby insuring a certain constancy and control m the amount 
taken, with a minimum of trouble and inconvenience to both investi¬ 
gator and animal This diet proved most satisfactoiy, as is testified 
by the steady increase m weight (cf Results) and by the fact that 
severe diarrhea or other pathological symptomatology was not evi¬ 
denced at any time throughout the two ycais 


Standardized Columbia Weekly Feeding Schedule for Monkeys 



8 00 A M 

1 00 PM 

6 00 PM 

Monday 

Milk & Eggs 

Boiled nee, Celery 

Banana 

Tuesday 

Milk & Eggs 

Boiled potato. Beet 

Banana 

Wednesday 

Milk & Eggs 

Wholewheat bread, Lettuce 

Banana 

Thursday 

Milk k Eggs 

Boiled rice, Spinach 
Wholewheat bread, Celery 

Banana 

Friday 

Milk & Eggs 

Banana 

Satuiday 

Milk k Eggs 

Bulled sweet potato, Carrot 

Banana 

Sunday 

Milk & Eggs 

Wholewheat btead, Lettuce 

Banana 

Also small 

amounts of apple. 

orange, raisin, sunflowei seed, 

and peanuts 
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Discussion oi Results 

In accordance with the general plan utiltecd m the prev.ous study 
(5), the more outstanding observations of the subjects second year 
Vrcactional development arc presented in three sections ( ) 
Physical Development, (2) Sensorimotor and Simple Behavioral 
DeLlopment, and (3) Complex Behavioral Developmen Again 
may we point nut that suel. a division is quite arb.tia.y, but serve, 
as a eonvenient sehema fo. classifying the oftentimes scattered and 
fragmentary obseivalions As previously stated (cl above) no 
attempt is made to portray the complete behavior lepcrtoiie of the 
subject, but rather to present certain of the more interesting and 
genetically significant data. 

1. Physical Development The average monthly weight of the 
subject throughout the second year is shown numerically in Table 
1 and giaphically in Figure 1. Measurements were taken weekly 
in all but two cases (pciiods 23 and 24), for wliicli three and two 
weights were recorded respectively. The figuics presented aic tlic 
averages of the readings taken for each successive 28-(lay peiiod. 

Inspection of these data will show that tlic subject continued 
to increase rapidly in weight during the second postnat.il ye.u, 
although the amount or degree of such increase became gindu.illy 
diminished (cf. 5, Table 2 and Plate I, pp. 55-56) The subject 
weighed +22 grams, or 149 ounces, at bhlh (Oct. 4, 1932), 
1503 grams,= or 53.1 ounces, at 1 year of age <Oct 4, 1933) ; and 
2013 grams, or approidmately 71 ounces, at the age of 2 yeais 


TABLE ! 

Average MonrHiY Weight During the Second Yfar 


Age* 

Avcj age 
weight 
(grams) 

Age* 

Average 

weiglit 

(grnma) 

14 

1544 

21 

1875 

IS 

1606 

22 

1909 

16 

1631 

23 

1937 

17 

1698 

2+ 

1964 

18 

1753 

25 

1971 

19 

1789 

26 

2003 

20 

1832 




•Successive 28-day periods 


“Weight at age of 52 weeks (5, p 55, Table 2) misprinted ns 1580 grams 
should read 1508 grams 
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FIGURE 1 

Averagp Monthly Wlioht Duamo the Second Year 

(Oct. 4, 1934). These figuies are slightly lower but in general 
coiroborate those given by Schultz (28), who has reported tentative 
average weights of 1646 grams (8 cases) and 2450 grams (6 cases) 
at the end of the first and second years, lespcctively. Thus during 
the first year the present subject showed an increase of 1083 giams 
in body weight, wliereas only 508 giams were gained during the 
second year, less than lialf of the first yeai growth Since the data 
are for 28-day pciiods, all minor fluctuations are necessarily omitted, 
although inspection of the oiiginal weekly (and on a few occasions, 
daily) measurements yields the fact that with increasing age such 
fluctuations become less apparent, iclative to the weight of the 
animal 

The dispropoitionately large head and ears and small hind 
quarters, markedly picsent during the earliest postnatal days, grad¬ 
ually disappeaied, so that by the end of the second year Kias had 
definitely assumed the bodily pioportions of the adult Macaco 
mulatta (cf Schultz, 28) The hair, straight and medium in 
texture, lias attained the varied length, density, and biownish color 
of the typical macaque, and is characteristically distributed over the 
entile body suiface with the exception of the uppei eyelids, nipples, 
ischial callosities, palms, soles, and teiminal plialanges (cf 15). 
The facial wrinkles, giadually decreasing from buth m both number 
and degree, have completely disappeared. The testicles remain 
undescended, clearly visible in the canal some distance above the 
scrotum 
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2. Sensorimotor and Simple Behavioral Development. The 
senbonmafar dG^diopment oi the infant Macaca mulatta has been 
described m a preceding connection (5) as being viitually com¬ 
plete by the middle of the second postnatal week, and hence need 
not be discussed here. Subsequent practice, however, especially in 
activities involving motor adjustments, resulted in finei difteicnti- 
ation of the specific behavior segments or reaction components, as 
well as an increasingly wider variety of such intricate responses to 
an increasingly larger number of stimulus objects and events. Not 
only did new objects acquire additional stinaulus functions or mean¬ 
ings, but many of the responses formerly made to certain stimuli 
were lost, or rather, replaced by other patterns of reaction. 

Sleeping, so frequent during the earliest days, was seldom noted 
in the daytime during the second year. The specific overt pattern 
remained largely unchanged from approximately the second montli, 
consisting in sleeping with the body bent forward, the legs flexed 
and drawn up under the body, and the arms extended forward and 
outward to form a cushion for the head. 

Yazunmg, not observed during the first year, was subsequently 
noted on several occasions. The mouth was paitially opened and 
the lips drawn back on either side of the mouth, exposing the teeth. 
This 13 a more or less typical reaction pattern of the macaque, and 
difiers from yawning in the typical human animal in tlmt m the 
latter subject the mouth is usually opened wide and the lips are 
drawn taut more in the vertical than in the liorizontal plane. 
Coughing and choking were seldom observed, this decrease in fre¬ 
quency probably being due to more efficient use of the masticatory 
and deglutitory mechanisms. Sneezi/iff was not observed during tlie 
second year, nor could it be elicited by tickling the inner nostrils 
with a horse-hair point. The nose and entire facial region became 
wrinkled upon such stimulation, but no sneezing resulted. The 
writer would not wish to conclude that the meclianisrn was absent, 
however, since more adequate stimulation of the intcinal inembiancs 
might very likely elicit the reaction. As would be expected, the 
Iid reflex or rapid winking response to a non-visnal stimulus showed 
no observable change 

Responses which we have chnracteiized as mouthing, muzzling, 
hiimg (non-masticatory), and oial exploraUon, commonly cxliibited 
by the infant macaque in the earliest days, had piactically disap- 
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peared by the fifteenth month. Only on occasions of extreme 
emotional stimulation and excitement did Kras resort to such 
behavioi (cf. below). Thus these biting or mouthing responses were 
oiiginally tlic piecursors of modified sucking reactions (cf 5, pp. 
67, 80), which in turn partially gave way and were replaced in 
many cases by other moie adaptive foims of behavior As in the 
case of their predecessors, the sucking reactions lemained relevant 
only to ceitain (ie, liquid food) situations, and were no longei 
elicited by a wide variety of stimulation 

The early forms of ciying or voctfejation persisted with certain 
modifications of patterning, and the stimulus conditions for such 
behavior became widely varied. This bchavioi, with special refer¬ 
ence to ceitam acquiied vocal and stimulational characteristics, 
will be discussed in the following section on “Complex Behavioral 
Development “ 

The sciaich icfiev oi sciatclnng teaition was infrequently noted, 
having disappcaied as a common occuiicnce as early ns the fouith 
week (cf 5, p 68) The ughting leflex continued to be exhibited 
whenever the animal was released vcntial side up, and was executed 
with a minimum of useless and uncooidinated movements The 
giaipi/ig reflex, clutching or clinging tesponse, involving the more 
complex leactions of contact seeking and the seeking of bodily 
suppoit, the most out^xtanding and persistent behavioi patterns din¬ 
ing the eaily stages of bchavioial development, gradually diminished 
both in fiequcncy and m degiee of manifestation By the end of 
the second yeai, such reactions were observed only in cases of 
scveie emotional excitement (cf below). Whereas it was once 
almost impossible to force the infant to relinquish his giasp on a 
suspended horizontal bai (5, pp 69-72), such reactions were but 
occasionally obseived at one yeai of age, and by the end of the 
second yeai the subject would not cling to the bai under any con¬ 
ditions whatsocvei, but would immediately drop to the flooi These 
data aie analogous to those repoited by Watson, Gesell, and others 
foi the human infant As pieviously pointed out (5), this tiansition 
in giasping oi ciinging behavioi was giaduai, and its decreasing 
manifestation was con elated with the acquisition and development 
of locomotion and othci complex sensoiiinotoi cooidiiiations The 
above statements aie made with lefciencc to what may properly 
be termed the giasping oi clinging leflex, manifested whencvei the 
usual means of support was icmoved (eg, clinging to a suspended 
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bar in mid-air), and do not refer to cases in winch the monkey 
grasped or clung to a desired object, such as a piece of food. The 
grasping response per se undoubtedly remained intact, altliough it 
was no longer elicited by stimulation involving Joss of suppoi t, the 
entire picture being further complicated by the animal’s wide range 
of adaptive, substitute, or alternative reactions. 

By the end of the second year, locomotor MUtes, inciuding 
lualkihg, running, pimping, climbmg, and iclatcd activities, Ii,id 
reached a state of perfected cooidination and efficiency equal to 
that of the typical adult macaque. This development was at first 
observedly retarded by the artificial isolation and attendant le- 
stnetion of stimulation and response experimentally imposed upon 
the subject for the first one and onc-half years, although the subse¬ 
quent onc-half year peiiod of association with other members of 
the species was sufficient to make up for the minor initial deficiency. 
There was. however, a tendency foi the subject to rear up, stand, 
and walk for short distances on his hind feet alone more often than 
in the average macaque. This obseivatlon was made as caily as the 
beginning of the fourth month (5, p. 73), and continued to hold for 
subsequent periods, although tuition in the trait was never given. 

Likewise, the tendency to climb o» oiienl tipuinrd was not observed 
during the second year. As pointed out m the nrticlc dcaliny with 
first year development (5, p. 74), upward climbing teactions to 
the ■veritidl itick and iipwaid oiwiiaiion on the elevated platform, 
markedly present immediately subsequent to hiith, tended to dis¬ 
appear after the infant had learned to walk and make n wide 
variety of substitute adaptive leactions. Tins fiiuhng, a coiiohora- 
tion of the results of Tinklcpaugli and Hartman (32), is closely 
related to the observed disappearance of the gimpxng reflex (cf, 
above), since the upward climbing reaction is obviously complicated 
by the basic grasping, clutching, and contact-seeking rcsiJonscs, by 
emotional factors, and. in fact by the developmental status of the 
entire behavior repertoire of the subject 
Play behavior, consistmg of running, jumping, climbing, and 
leaping upon and seizing objects, Avith attendant vocalizafton, showed 
a pronounced increase immediately after Kras was iioiiscd in dose 
proximity to other monkeys. When let out into the ccntial aicna 
or runway, he would run from side to sid?, climbing up tlic screen¬ 
ing at the end of the enclosure, only to jump to the flooi again 
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He would often climb up on the heavy diamond mesh forming the 
door of another animal’s cage, and would frequently swing back 
and forth on the door of his own cage, alternately opening and 
closing it. The last few weeks of the second year, however, 
seemed to show a slight decrease in general amount of spontaneous 
play activity. This may have been a mere artifact, or may possibly 
be a precursor of a less active existence Carpenter (4, p 79 ff.) 
has recently obseived that the amount of play activity shown by 
young howling monkeys in their native habitat "increases until the 
juvenile 1 stage, and then there is a rathei sharp decline to a 
minimum of play m adult animals” It is also inteiesting to note 
that rarely did the present subject, during the course of his climb¬ 
ing and random play activities, mveit his head or body. Descents 
fiom a height were almost invariably made either in the human 
fashion, hind feet first, or by jumping Additional relevant ma¬ 
terial regarding play activities, especially as influenced by social 
stimulation, will be presented in the following section. 

Too much emphasis cannot be placed upon the remarkable degree 
of sensoiimotor cootdiuation attained by the two-yc.'ii-old subject. 
Whcieas during the carlv days, “misjudged distances were the rule 
rather than the exception” (5, p. 76), later reactions were perfected 
and executed with siicli piecision, speed and timing, that they often 
escaped human observation Especially outstanding was behavior 
piedominantly cJiaiactcrized by ptehenston and 7na7npuIatton of 
stimulus objects Use of the pedal extremities, however, was 
definitely infeiior to that exhibited by the typical macaque. This 
deficiency may with a high degree of probability be attiibutcd to 
the experimentally imposed isolation, with lack of stimulation and 
practice conducive towaid the development of such behavior. 

Use of the cheek pouches, fiist noticed at 107 days of age (5, 
pp. 76, 81), became a common behavior trait, not unlike that of 
the aveiage rhesus monkey This topic will be discussed in con¬ 
nection with feeding behavioi in the following section. 

3 Complex Behamoial Development, During the second year, 
feeding behavioi, including biting, chewing, and sw.allowing, was 
obseived only m situations wherein food was available, showing 
that diffeientiation with lespect to such stimuli had been satisfac¬ 
torily accomplished. This behavior was m marked contrast to the 
early tendency to bite immediately at any object held within the 



84 


JOHN P, FOLEY, JR 


infant’s visual field (5, pp 78-79). If food was presented wluch 
had never before been experjenced, Kras would seize and convey it 
to the nose foi olfactory inspection, before putting it in Ins mouth. 
When satiated, the subject no longer made the once cluiracteristic 
thrusting and slapping movements of the arms and Ji.mds, hut left 
the food at once and leactcd to other stimuli If the fond were 
removed before satiation had occurred, however, the same type of 
violent emotional response was made as foimerly, involving puclcci- 
ing of the moutJi, vociferation, frcQiient thunrbsucking, plus a new 
addition, jumping up and down 

Liquid food was taken fiom the pan by the combined process 
of auction and lappmff movements of the tongue. The lepentcd 
gimtlng reaction with the hands and fingers while feeding, involv¬ 
ing alternate opening and closing of the hands and digits, wliicli 
at firat was made with such frequency but which disappeared by the 
tenth postnatal week (5, pp. 80-81), wtis never again obscived in 
a food-taking situation, although such bclmvior did rcappcai during 
violent emotional stress. In the natuial, undistiiibcd mothci-inf.int 
situation, these early clutcliing reactions, in so far as they arc elicited 
by and directed toward the ventral fuiiv suifacc of tlic suppoiting 
mother (16, 31, 32), undoubtedly have some adaptive value, and 
such behavior was ■'‘carried over” and exhibited by the infant Kias 
in response to feeding situations after expciimcntnl isolation fiom 
the mother, the dinunuation and subsequent disappearance of such 
reactions taking place in conformity with a pu’nciplp not iinh'kc 
that of expeiiinental extinction. 

The cheek pouches were fiequently used for storage of food, es¬ 
pecially if the subject was fed in the immediate piescncc of othei 
monkeys. Food could thus be hurriedly taken, tetained, and subse¬ 
quently eaten over a period of time, being pushed out into the mouth 
cavity with the hands oi shouldei blades. Food preJet eitccs were 
also exhibited, milk, orange juice, and mush oi gruel being most 
readily taken thioughout the bccoiid year. It is of importance to 
note that these liquid oi semi-liquid foods constituted tlie exclusive 
diet up to the age of 5 months (cf. 5, p. 53), and mamtiiined tlieii 
preferential value horn the beginning Apple, tnisin, peanuts, and 
sunflower seed, having the highest motivating value for most of 
the monkeys in the Columbia colony, elicited sccondaiy incfcicntial 
reactions in the present subject In fact it niiglit he said tliat m 
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general the preference was inversely proportional to the dryness 
and solidity of the food. Banana was lelatively well liked. Kras 
did not actually peel it, however, as does the typical monkey, even 
when the peeling is later to be eaten This lack of specific differ¬ 
ential response to peeling and internal fiuit characterized the sub¬ 
ject’s behavior from the first, as was pointed out in the previous 
report (5, p 82), and certainly cannot be attributed to lack of 
lequisfte sensorimotor mechanisms Only occasionally, when the 
relatively harder peeling offered moie resistance to the teeth, did 
Kras push back the peeling a few millimeters with his thumb. The 
succeeding bite, however, consumed both peeling and enclosed fruit 
No coprophagous behmitot was observed at any time Whereas 
on a few occasions during the first year the infant manually and 
olfactoiily examined the feces, although never tasting or eating 
them, he seemingly learned to avoid them entirely, for even such 
cursoiy intciest and examination was never noted during the second 
year period 

Vocalization continued to be less frequent than in the average 
macaque of the same age The repertoire remained practically the 
same as that previously reported for the thiitecnth and succeeding 
weeks (5, p 84), with the single addition of what may be termed 
a “hunger-anticipation cry,” which appeared duiing the lattei part 
of the nineteenth month, aftei the subject had been housed for 
2-3 weeks m close pioximity to the other monkeys In general, 
the following four types of cries could be distinguished by the 
end of the second year 

1 "Play Lry,“ consisting of a clear, shrill, and high-pitched 
cry made with the lipa pursed and rounded. A given cry 
somewhat resembled the sound of the double vowel in the word 
"food,” although slightly sluired, and incie.ised and then 
decreased in pitch 

2 "Fear-Pain cry" consisting of a scream of rapidly vary¬ 
ing pitches, made with the mouth open and the entire face 
wrinkled .nnd distorted. 

3 "Food-Covteniment ctyV consisting of a soft, short, 
guttural, and slightly hoarse noise, often accompanying eating, 
gentle stroking or handling, or attainment of contact or support 
after emotional stimulation, and often associated with lapid 
opening and closing of the lips (“mouthing response”). 

4 "Uiinger-Aniictpaiion cryi’ consisting of a clear, falsetto 
cry of descending pitch, made with the lips in then normal 
position and the mouth partially open 
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The difficulty and necessary artificiality of letliicing the complex 
vocal behavioi of the Macaca muUtta to a simple classification can¬ 
not be overemphasized If the restrictions and limitations of tlie 
classification are kept in mind, however, it does seem both einpiii- 
cally justifiable and profitable to isolate tliese major types of vocal 
behavior, and to consider other cries as modifications of the above 
four The repertoire of the present subject at two years of ape 
seems to have been fully as complete as that of the other, older 
monkeys in the Columbia colony The “food-contentment ciy” was 
more fully developed and frequently elicited than in the othci 
macaques. With lespect to the fouitli oi “hunger-anticipation cry,” 
it IS interesting to note that it was acquued in the most exact detail 
from the other monkeys At no time was it heaid dining the pciiocl 
of isolation, prior to the nineteenth month Later, howevci, tvhen 
the experimenter would enter the laboratory in the moining just 
before feeding time, the sound of his footsteps and tlic opening door 
would immediately elicit the cry from Kras and the entiic colony. 
Similarly, the closing of the Icc-box door caused the same vocal 
reaction, which did not occiii at the closing of cabinet and other 
doors not associated with or conditioned to food-taking situations 
Prehension, manipulation, and eye-hand coordination have been 
discussed in the preceding section I-Jandedness continued to be 
non-preferential, the subject being completely ambidextrous with 
respect to frequency and efficiency of m.mu.'il prehension and 
manipulation Play has also been discussed at length above 

It might liere be added that, at approximately the nineteenth month, 
Kras developed a more or less indirect, circuitous, oi “stalking” 
type of play activity which was not exhibited piior to Ins entry 
into close association with the other monkeys at 18 months of age 
(cf. 5, p 75) Although the account of the development of tlieir 
non-isolated rhesus monkey does not go beyond the fifteentli week, 
Lashley and Watson (22, pp 137-138) describe tire play of tlicii 
subject as “beginning as simple thiusting out of his hands against 
his mother,” and state that “it developed rapidly into tlic more 
complex stalking of various objects in the cage.” Tliey also ob¬ 
served that “the stalking play was at first directed toward all 
conspicuous objects in the cage, but as the baby learned to cat 
solid food his attention became more and more directed low.ud this, 
and his play activities to center around it ” Thus the piescnt finding 
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would be expected in the light of Lashley and Watson’s data, i.c., 
the absence of such activities during an extended period of complete 
isolation, and the lapid acquisition of such behavior when the animal 
was placed in a more competitive situation wherein such leactions 
were frequently practiced by all concerned 

This noticeable increase in play behavioi has been described in the 
previous section dealing with "Sensorimotor and Simple Behavioral 
Development.” Such an increase may be chaiacterized as a gradual 
change fiom the onginal self-composed oi more nearly "introverted” 
type of play bchavioi toward a more objective oi "extroverted” mode 
of lesponse In this connection, Lashley and Watson (22, p. 138) 
make the following statement m regard to their infant macaque. 

“Self imitation,” so marked during ceitain stages of the 
human infant, was almost entirely lacking The few actions 
wliich might be so interpreted were those of climbing and 
leaping, with evident enjoyment of the activity itself . In 
most of his play, however, his interest seemed to be centered 
in external objects rather than in the movements themselves. 

It seems clear, however, that in the piescnt case at least, this 
external reference was slowly acquired dunng the development pro¬ 
cess, and tliat the acquisition of such behavior, undoubtedly retaided 
by the experimentally imposed isolation, was rapidly enhanced by 
placing the monkey with othci animals in a more extensive milieu 
of stimulating conditions 

Little variation in the patterned emotional behavior of the subject 
took place duiing the second year, although the nature and lange of 
stimuli eliciting a given emotional lesponsc xvcrc considerably altered 
The greatest change occurred in connection with the "/ear leacHon" 
whose pattern has been previously described (5, p 86) This 
response pattern, violently elicited (postnatal) by removal of con¬ 
tact or suppoit but not originally elicited by loud sounds, came, 
by the end of the second year, to be evoked by certain loud and 
novel sounds, such as the bark of a dog or the sound of bieaking 
glass, and at the same time disappeaied m response to stimulation by 
lemoval of support The lattei disappearance may be easily under¬ 
stood m terms of the acquisition of other modes of adaptation to the 
once "feai-evoking” lemoval of suppoit, and might have been pre¬ 
dicted on the grounds of behavioial development. Similarly, the 
later potency of ceitain loud and novel sounds as instigators of 
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"fear” behavior may quite likely have been the result of condition¬ 
ing received subsequent to the eighteenth month The "iage‘ or 
"'angtr reaciion" (cf. 5, p 88) continued to be evoked by liampering 
or restraining the animal's movements, being accompanicrl by thumb- 
sucking and, on very rare occasions, by what vve have termed the 
"fear-pain cry ” The 'Vow teacllon' al^o sliowcd but little change 
(5, p 88), and was made on occasions immediately following ex¬ 
treme fright or in response to certma other monkeys oi to the 
experimenter (never to strangers). At such times the "food-content¬ 
ment cry" was commonly made. In general, it may he stated that 
during the first two postnatal years emotional behavior became 
gradually less intense with increasing morphological and behavioral 
development 

Clinging behavior, oiiginally elicited in lesponsc to the experi¬ 
menter’s hand, so that tlic latter literally became a fetish foi the 
animal, although at fiist without sexual significance (5, p 91), 
took on the function of a sexual stimulus toward tlic beginning 
of the second year, although the exact date cannot be accurately 
given The original traces of this behavior were gicatly icinfoiccd 
subsequent to tlie eighteenth month, at which time the infant's 
curve of sexual bchavioi rose with a rapidity gieat enough to be 
characterized as "insighe" by the typical Gcstaltisf. A nioie clctnilcd 
account of sexual behavior will be presented below. 

Emotional fits or tanirurns continued to result from forcibly 
depriving tJie monkey of a play or food object (cf. 5, p. 91) 
Similar emotional responses ensued if such a desired object was 
given to another monkey, and will be discussed below in connection 
with the more complex trait of "jealousy." If at any time a small 
leather belt, similar to that worn by the otlier members of the 
colony, was placed around his waist (5, p 92), Kras nTimcdintcIy 
showed the characteristic ennotional grasping behavior, pulling .it 
the belt, clutching himself, swaying or oscillating back and forth, 
sucking his thumb, and crying, until the belt was removed. At 
such times Kras would also utter the "fcai-pain cry," leai up on his 
hind legs and go around m circles, often sti iking Jiis Jic.id jind body 
against objects in the room m his frenzy to remove the obstacle 

It is of interest to note that at no time did Kias, rcgaicllcss of 
Jus emotion.il state, make the slightest nUempt to bile tlic wiitci, 
although on rare occasions he would playfully bite a stiangci at 
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the slightest provocation. Nor would he utter a cry if hurt or 
painfully stimulated by the expenmentei. The prick of a needle 
would elicit only contoition of the face and sporadic escape move¬ 
ments similar to those made if he were forcibly restrained. The 
“feai-pain ciy” thus rarely denoted pain per se^ but moie often anger 
or othei antagonism resulting fiom such stimulation. 

It will be lecalled from the original aiticlc on fiist yeai develop¬ 
ment (5, p 92) that oscillating or swaying movements were piesent 
fiom the tliird postnatal day, being "usually made in an emergency 
and highly emotional situation ” The exact pattern of response 
involved either placement of the hands and forearms on the floor 
diiectly in fiont of the body or giasping the thighs oi hind legs, 
the total body maintaining the sitting posture, and the making of 
rapid and rhythmic movements, the body being alternately raised and 
loweied, ic, swayed back and forth In the oiigmal report, the 
writer mentioned unpublished observations by Nissen on the oc- 
cuirence of such behavioi in the chimpanzee, as well as the pre¬ 
viously unrepoited occuiicnce of similai reactions in the isolated 
infant macaque of Engle Although such activity is superficially 
similai to that often occuiring in sexually stimulating situations, it 
should not be confused with attempted copulatoiy behavioi, since 
its ontogenetic oiigrn, paiticulai stimulational antecedents, and 
component details aie entiiely different in character. 

The "mouthing and tongue lesponse" piesent fiom the seventy- 
first day, and involving rapid opening and closing of the mouth or 
lips and coiiesponding tluusting and withdrawing movements of 
the tongue, and often occuinng m conjunction with the "food- 
contentment cry,” was also frequently observed during the second 
year. As formerly, the response was often made before oi aftei 
feeding oi when tlie monkey was stroked or petted following extieme 
flight (cf 5, p 92). Subsequent to the twentieth month, however, 
the response was additionally observed in sexually stimulating Situa¬ 
tions in which the subject was attempting to copulate with some 
otliei monkey or with the expenmentei's arm The sexual signifi¬ 
cance of such a "mouthing response” prior to copulation has been 
recently reported by Caipentei (4, p 82 ft ) in Ins field study of the 
howler monkey In desciibmg this "piovocative” behavior of the 
howlei in its native habitat, Caipentci concludes* "The bchavioial 
aspects preliminary to copulation are the ihvthmic tongue move- 
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ments, provocative posturing, and exploratory behavior Such 
reactions were not observed in other, non-sexual situations, ns in 
the case ol the present subject, although sirch a deficiency might be 
due to inadequate opportunities for observation or to tlie lacTc of 
adequate stimulation such as that received by the present subject 
Tlumbsuchmffj anothei emotional accompaniment, also persisted 
throughout the second year, although the total nmount of time spent 
in such activity decreased, owing to the larger and more varied 
repertoire of substitute behavior. The great toe of the left hind 
loot continued to be favored (cf 5, pp. 92-93), and as a result be¬ 
came greatly enlarged, the discrepancy in size between the great 
toes of the two feet being of the latio of 2 to 3 Tlic act was so 
firmly fixed that at times Kras would traverse the Icngtli of his 
cage on three legs, the great loe of the foiiith remaining ''con¬ 
tentedly” in^his mouth. 

Several cases of interesting mamiensms and "habit lesuluals" may 
be parenthetically noted. The upward motion of tlic hind foot as 
if to place the gicat toe in the mouth was cited m the picvious re¬ 
port (5, p, 93) la the light of the recent work of Huil, it would 
be highly informative to know if such a response weic ‘'anticipnlory” 
and hence connected with any salivary distuibancc I'he disap¬ 
pearance of the lepeatcd grasping movements formcily made while 
drinking (cf. above) illustrates the abandonment of another such 
residual. A further example of habit residual is illustrated by fre¬ 
quent clutching of the right eyebrow with the corresponding hand. 
No foreign, particle was detected m the eye itself, and the mnnnensm 
was probably due to tlie extremely long and projecting eyebiows 
which once undoubtedly paitially obstructed tlic infant’s visual ficUl 
The reaching response persisted, however, although the longer eye¬ 
brows were carefully cut. 

The sexual behavior of the present subject was paiticularly in¬ 
formative, and deserves separate consideration quite apart from its 
emotional aspect The experimentally imposed conditions under 
which the animal lived and developed showed a remarkably liigli 
correlation with the sexual behavior patterns cxliibited from time 
to time in the course of rcactionnl development. The following 
statement was made in the repoit covering tlic fiist yeai development: 

As would be expected from other studies on isol.ncd nnimnis, 
sexual behavior of the present subject was practicnily ml 
The swaying movemenU nnd mouthing reactions, although 
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superficially resembling modifications of sexual behavior, had 
no such isctua] significance The testes did not descend during 
the first year, , nor was erection observed during this period, 
although It has been subsequently noted In striking contrast, 

Lashley and Watson . observed such a reaction on the 
aixty-fiist day. (5, p 93) 

As pointed out above, the testicles remained undescended during 
the second year Election was first noted during the fifty-ninth 
week, and continued infiequently to appear, altliough prior to the 
eighteenth month it was laiely accompanied by other overt behavior. 
Occasionally Kias would touch the ciccted organ, but such manual 
manipulation was by no means moie frequent than similai behavior 
m response to other lelativcly erogenous areas of the face and ex- 
tiemities Tlius thcic was a minimum of explicit sexual behavior 
during the period of isolation, and the relatively late incidence of 
the then unconditioned and more or Ic» strictly biological act of 
election, in contiast to the data of Lashley and Watson, further 
substantiates this fact The behavioi of the subject, both when 
alone and when placed with othei monkeys for a short observational 
period, was consistently noifsexual. 

After having been permitted closer association with other monkeys 
fiom the age of 18 months, however, Kras began to exhibit such 
sexual behavior The earliest reactions consisted of olfactonly ex¬ 
ploring the body of the other monkc}', clutching some part of the 
animal’s body, usually the leg or back, and making a few sporadic 
thrusting movements of the pelvis Election was not always present 
on such occasions, and no preference was evidenced for female over 
male animals noi foi the rhesus over the cebus or capuchin types. 
In fact such leactions weie on a icw occasions ohseivcd in response 
to a rag or othei soft object By the end of the second year, the 
sexual behavior had become more or less localized with respect to 
the genital regions, and there was a general although by no means 
exclusive prefeience for female animals. The arm and hand of the 
experimenter continued to function as a sexual stimulus, as has been 
desciibed above m connection with tlie “mouthing and tongue re¬ 
sponse.” The following quotation from the laboratory notes for 
October 5, 1934 is a typical illustration of sexual behavior at the 
end of the second ycai in response to a veiy tame and good-natured 
female macaque, appioximately years of age: 



92 


JOHN P. FOLSy, JR. 


When (urred out with Bneht Girl today, Kms played 
around in the arena for 4-J minutes without nppnfcntly notjc- 
ing her. He finnlly approached and grasped her around the 
waist from the rear, after smelling the vaginal and mini 
regions several tunes. Erection appeared and, as slic remained 
crouching on the floor, he strengthened his hold around her 
wnist with both arms, and made the characteristic rhythmic 
thrusting movements of the pelvis, the tail curling up under 
the legs Bright Girl remained passive, and the movements 
ceased within 10 seconds 

These data are in full accord with the findings of Hamilton (13, 
H), Tinklepaugh (29), and Zuckermaii (43) on monkeys, and 
other investigators on mfraprimate mammals in legaid to cxpeii- 
menfally produced homosexuality and other sexual ahcirntions .m<l 
the consequent general importance of stluiulutmg circumstances in 
conditioning fundamental drives and action-tcndcncfcs. The tm- 
portmt thug, so fat as the descrtptton of behavior is concetned, Is 
not the constitution and relative strength of the so-called basic drives 
of the orgautsin, but lather how such ^'drives"' are condtlioned, for 
it IS onlj) lilts liulorical or bhgiaphtcal facto) which can adequately 
account for the specific stienglh and pattenwig of behavior, 

The reactions of the subject to othei animals continued to be posi¬ 
tive in all cases with tlie exception of certain monkeys who slapped 
and bit at Kras whenever he approached, and even in such cases 
definitely aggressive bchavioi was usually exhibited. TJie original 
clutching reaction (5, pp 94-96) of course disappcaicd, just ns it 
had in response to inanimate stimuli. Kras developed ccitain pre¬ 
ferences and aveistons for particular monkeys, however, and these 
led to the formation of social groupings, incipient stages of phenomena 
which have been described by Bingham (2), Carpenter (4), Nissen 
(24), Zuckerfnan (43), and others for infrahuman piimates, and by 
Biihler, Gescll, Jones, and others too numerous to mention for the 
human child Thus, for example, Kras and Bright Giil constituted 
one such early social grouping, quite independent of sexual behavior. 
They would climb around the cage and play togethei, even getting 
in and out of each other’s cages If another caged monkey would 
exhibit anger and menacingly jump forwaid to the door of its cage, 
both Kras and Bright Girl would approach and try to seize or bite 
the monkeys hands through the cage door This parliculai group¬ 
ing was weakened, however, as a result of frequent attempted 
copulation on the part of Kras. 
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Aggi esstveness characterized the behavior of the subject through¬ 
out the second year Behavior not dissimilai to that termed jealousy 
was also frequently exhibited. If food weie given to another mon¬ 
key, even to one for whom Kras had foimed a positive attachment, he 
would often display a seiies of violent reactions, jump up and down, 
put his ears back against his head, and utter the “hungei-anticipa- 
tjon cry” followed immediately by the "fear-pain cry,” and if these 
were to no avail, he would finally lesoit to thumbsucking On rare 
occasions lie would become bold enough to dash up and try to 
snatch the food from the other monkey’s hand, although he was 
usually briskly cufted away, after which he would not dare to 
repeat the attempt for some time. He would become quiet im¬ 
mediately if given food, making the “mouthing and tongue response” 
and utteiing the "food-contentment ciy.” 

Ceitain early peiccptiial reactions of the subject, occurring pnor to 
experience with a particulai object oi class of objects, are not without 
interest The evolution of the subject’s reaction to his mirror image 
was described in the previous report (5, p. 98) and showed little 
further change In fact it became increasingly difiicult to get the 
animal to attend to a given stimulus object, since such a wide variety 
of stimuli and reaction-systems was continually competing foi his 
attention. On one occasion during the fifty-fourth week, however, 
Kras was seen suddenly to place his ears back and jump forcefully 
against a large pane of glass, in which he no doubt saw his reflected 
image The lack of diffei ential i espouse to the peeling and fruit of 
a banana has been discussed above in connection with feeding be- 
havioi At 16 month of age, the i espouse to ice was first tested 
When a piece of ice was placed on the floor of his cage, he looked 
curiously at it, slapped at it, and then explored and finally seized 
It m both hands and jumped up onto the shelf of the cage He held 
the ice foi approximately thiee minutes, licking it periodically and oc¬ 
casionally trying to bite it Finally it was abandoned on the floor, 
although he returned and continued to play with it from time to 
time. Two further interesting obseivations on peiceptual behavior 
duiing the first ycai were unfoitunately omitted from the previous 
report. During the forty-fifth week, Kras was seen to leach out and 
attempt to giab or manually manipulate smoke rings accidentally 
blown by an obscrvei Similarly, at approximately one year of age, 
he was observed to jump up into the laboratory sink and endeavor 
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to climb up a smoolhh fiovtini; stieam of water The above ex¬ 
amples of objectively mappropnate reactions, altlioiigli sTcctcliily 
drawn, illustrate certain stages in the development of perceptual 
adaptations, and arc not without value for an empirical oi behavioral 
theory of space and object peiccption. Such subtle conditioniiijrs 
which inevitably occur during the rcactional biogiapliy of any 
organism can be profitably investigated only by means of a genetic 
approach. The -work: oi Pi.tget and otWrs oi\ the of 

perceptual and conceptual reactions in the human child finds many 
counterparts in the field of animal behavior, and such a field offers 
unlimited opportunities for further reseaich 

Lastly, It may be stated that neither anto-groomtvff noi “social” 
or lutei-inelivtdiial grooming (cf. 5, pp 98-101) w.ss exhibited by the 
present subject during the first two years of hfc. Whethci such a 
behavioral deficiency was due to the absence of dirt and body para¬ 
sites or whether it may be attributed to the lack of oppoitunity for 
the early acquisition of such a reaction pattern cannot be stated. 
The data nevertheless cast considerable doubt upon the hypothesis 
that grooming is an instinctive primate function or that it is de¬ 
pendent upon neural or neuro-muscular maturation. 
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LE DfiVELOPPEMENT PENDANT LA DEUXIEME ANN EE D'UN 

SINGE RHfiSUS (Macaca msilatta) 6LEVE DANS L’ISOLATION 
PENDANT LES PREMIERS DIX-lIUIT MOIS 
(Risumi) 

Cette itiide eat une continuntion d’une 6tudc dijA rapport6c, et dccrlt le 
diveloppement pendant la deuxiime annic d’un singe rhdsim 
mulalla) ilev^ dans I’lsolation complete dc la mire et dcs aiitrcs membres 
de I’espice pendant les premiers dix-huit moia, et siibsiqueinmcnt logo nvee 
d autres singes dans les quartiers generaux des primates du lahouiloirc 

L'auteur appuic sur le besom d’une conneiasance ditaillie dc I’liiatoire 
paychogenetique spfciale ou biographic ri.ictionnelle tl'iin animal cxpfiii- 
mental quelconque employ^ dans la recherche du comportcmeiu L’aulrc 
partie de l’artlcle discute I’expiricncc ellc-m8rac, y compris In description 
oo Uiahlal, )e rign/fc, et la dfscautoH des risuUttls Qir.iird 

possible, on rapporte les donnics pertinentes d’autres invcatiRnliona On 
trm^iime^* lesultats sous troU tltres pnneipaux, appuyant surtout sur !c 

(1| le dSveloppemjent phy$tque 

(2) le dSveloppemeni sensorimoteur et le diveloppement simple du 

rn-fn4iArfa*nafit • * * 
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(3) le developpevieni comptexe du comportement 
La derni^rc cat^goiie comprcnd la discussion du comportement de manger, 
la vocalisation, la pi^hension et la manipulation coordonnees, les nctivit^s 
du jeu, le compoitement emotif, le sucement du pouce, les mani^rismes, les 
reactions anormnles et les restes dea habitudes, le comportement sexuel, les 
Tractions aiix autres animaux, les groiipements sociaux, les piincipaux traits 
de personnaliti, le comportement perceptif et conceptif, et les soins de 
propreti 

Non sciilcment on d^crit le d^veloppement graduel de ce comportement, 
majs on essaic de corifler I’acqulsition des divers syst^mes de reaction nvec 
les circonstancea stimulantes specialea qul les a produits Le changement 
soudain du sujet d'une aituotion d'isolaiion complete imposde cxp6rimentale- 
ment A cclui d’association intime avec lea autrea singes rend plus daire la 
nature des m^canismes de comportement A la base. 

Foley 


DAS ZWEITE JAHR DER ENTWICKLUNG EINES RIIESU8AFFEN 
{MACACA MULATTA), DER WaHREND DER ERSTEN 
ACIITZEHN MONATE IN ISOLIERUNG AUFWUCHS 
(Rcfeiat) 

Diese Abhandlung ist eine Forsctzimg elner fruher berichtetcn Unter- 
suchung und beschreibt das zweite Jahr det Entwiclclung eines RhesusaHen 
{Mocnen fiiuleitta), der m vollkommcner Trenmmg von der Mutter und 
andeien Mitglicdern dci Gattimg wahrend der ersten IS Monate nuf- 
wiiclis, und der mit anderen Alien im Laboratoiium untcrgebracht wurde 

Der Aucoi betont die Notwendigkeit einei ausfuhrliclien Kenntnis der 
bcsondcicn psycliogenettschen Gescliichte odei Keaktionsbiogrnpkic iigciul 
eines Tiercs, das zti experimentellen Zweeken gebrauchc wird Der Rest 
der Abhandlung bcschnltigc sich mit dem cigentlichen Experiment, daa 
eine Besclireibung des Problems, Ftindoites, Dietat, und eine Eroiierung 
der Eigebnisse enhnit Diesberuglichc Ergebnisse von anderen Expeii* 
menten werden tvomoglicli nngegeben Die Ergebnissc werden unter clrci 
Hauptuberschiften bcsprochcn, mit besondeici lleiucksichtigung dei 
diitten 

1 Physische Entwicklung 

2 Sinncsmotor- und elnfacbe Verbaltungsentwicklung 

3 Komplizicrte Verbaltungsentwicklung 

Die letzte Kategorie schliesst cine Besprechung des Fressverhaltens, det 
Vokalisation, koordinierten Ergreifens und der Handbabung, Spieltatik- 
kciten, adektiven Vcrhaltens, Damensaugens, Manierierthciten, anormalen 
Reaktionen, und Gewohnheitsriickstande, Geschlccbtsvcrhaltungswciscn, 
Reaktioncn auf andcre Ticrc, sozialen Gruppierungen, hervorragenden 
Personhchkcitszuge, Wahrnehmungs- imd Vorstellungsverhaltens, und 
Pflegens ein 

Nicbt nur wird die allmahliche Entwicklung von solchem Verhalten 
beschrieben, sondcin nuch wird dci Versuch geinacht, die Erwerbung der 
verschicdcnen Reaktionssysteme mit den besondeien Reizungsumstanden zu 
korrelieren, die sie erzeugt haben Die plotzliche Andcrung des Versuch- 
tieres von einer auferlegtcn Situation der vollkommcnen Trennung zu 
eincr dei intimen Assoziation mit anderen Aden eileiichtct die Natur des 
unterliegendeii Veilialtungsmechanismus 
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THE AGE FACTOR IN REMINISCENCE: A COMPARA¬ 
TIVE STUDY OF PRESCHOOL CHILDREN 
AND COLLEGE STUDENTS* 
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Problem 

In a recent critical review (4) of the experimental litci.ituie on 
reminiscence, a phenomenon there defined as "the iinpiovcmeiit in 
the recall of incompletely learned material aftei nn iiitcival of time 
without intervenicnt formal relearning oi review," it was concluded 
that the lelationship between age and reminiscence had not yet been 
established Attention was called to the fact that tlic results of 
those expeiiments in which apparent age dilfcicnccs were obtained 
(1, 2) did not justify the conclusion that age is a f.ictoi in icmin- 
iscence since there was a lack of unifoimity m experimental con¬ 
ditions with the different age levels, particularly in the materials 
learned Moreover, Williams’ experiment (6), in winch the learn¬ 
ing material was constant, did not throw light upon llic ichition- 
ship between age and reminiscence because his published results are 
in terms of the percentage of retention of the gioup, a ciitcuon of 
reminiscence demonstrated to be Inadequate. 

More recently Liang^ found no significant ngc differences in 
reminiscence in terras of the same criterion, and concluded that "the 
factor of age differences so much emphaswed in Rnllaid's and Wil¬ 
liams’ findings could not be reproduced under more carefully con¬ 
trolled conditions so far as the aggregate percentage of icteiUion was 
concerned.’’ Liang used two age groups, 648 cliildien whose aver¬ 
age age was 11 2 years, and 353 college freshmen whose aveiage age 
was 19.5 years, equated degrees of learning of Chinese ballad poetry, 
and five intervals, one, two, three, four and five days For the one- 
and two-day intervals, howevei, the percentages of children showing 

•Accepted for publication by Carl Murchison of the Editorial Hoard and 
received in tKe Editorial Office^ Pebrunry 14, 1935 

The study by Luh and Liang {!) was brought to the writcr’a nttciilioii 
experfmern completion of the present 


98 



INFLUENCE OF AMOUNT OF INCENTIVE 


67 


is well above the maximum attained in Group VI (Table 2) when 
a 3'gm. reward was used on each trial. Results are piesented in 
Table 6. 

For Kambi the incentives used in the mixed senes weighed 5 gms. 
and 20 gms, respectively, the short delay was 360 seconds, the long 
delay 600 seconds Six senes of 10 tiials each (Group A) and four 
series of eight trials each (Group B) were given. The system of 
alternations in Group A corresponded to days 7, 8, 9, 10, 7, 8, in 
Group B to days 7, 8, 9, 10 of Bokar’s schedule (sec cTbove). The 
shorter of the two delay intervals employed m the mixed series was 
about twice as long as the maximum attained with a 5-gm leward 
in Group IX (Table 3). After completion of the Group A mixed 
series, Kambi was given 10 trials with a constant incentive of 5 gms 
and a delay of 360 seconds; her score was 50 per cent correct. At 
the end of the Group B scries, scores of 88 per cent, 100 per cent 
and 75 pei cent were obtained on thiee successive days of eight 
trials each 5 gms. reward, 360 seconds delay. 

Table 6 indicates (1) that, under the conditions of the mixed 
senes, the amount of incentive which the animal sees being placed 
into the container during the presentation period is of significance® 
in determining the accuracy of the following response, (2) that 
under these conditions the length of the delay interval is relatively 
unimportant, and (3) that interspersing large-reward trials among 
the small-ieward trials results in a better performance (greater 
accuracy) with small incentives than is possible when only small re¬ 
wards are used. This suggests, then, that the incentive in delayed 
lesponse has both a general effect (as was also determined in the 
previous section) and an effect specific to the response following 
presentation (sight) of the incentive 

Scores at Certain Delay Intervals under Varying Condiiio7is. 
With the exception of the section on mixed senes we have em¬ 
phasized, in this paper, the effects of the experimental variables on 
delay limits rather than on scores at given delay intervals The mam 


“Using the formula ffp= , and combining Groups /I, D and C, 

n 

we find that the difference between Bokar's scoies with small and large 
rewards, respectively, is 3 5 times the S D of the dilfeience Neither of 
the other differences are statistically reliable, but all are consistent in 
direction 
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part of this experiment was planned to facilitate comparisons of the 
former kind rather than of performances at certain levels of dif¬ 
ficulty. Consideration of the varying number of trials given m a 
series (errors increase towards the end of a scries) and especially of 
the persevciative effect of the incentive, indicated above, makes it ap¬ 
parent that comparisons by the second method will not be un¬ 
ambiguous. With this warning, wc picsent, in Tabic 7, a summary 
recapitulation of the data, in which only semes on immediately suc- 

TABLE 7 

Showing’ reJafive magnitude of acorea at the same delay intervals wlien the 
incentive (o) la the same, (1) increases, and (c) decreases 
in auccessive (cat groups. 

(o) Same amount of reward per trial 



Bokar 

Moos 


Kambi 



Veit 

Total 


II 

I 

III 

I 

III 

VI 

I 

II 

number 

Test groups 

& 

& 

& 

tc 

& 

k 

& 

& 

of 


III 

II 

IV 

11 

IV 

VII 

II 

III 

instances 

Scores the same 
First score 

3 

0 

1 

1 

I 

1 

0 

0 

7 

higher 

Second score 

3 

1 

2 

0 

1 

1 

2 

0 

10 

higher 

1 

6 

2 

2 

2 

2 

1 

3 

19 


(i) Increasing omount of reward 


Dokar Moos Karnhi Veit Total 

ni & n IV VII ni mimbcr 

Test groups IV, IV & & & & & of 

_ V V HI V VII I IV instances 

Scores the same 4 10 2 0 

Small reward scores 

higher 2 1 2 o I 

Large reward scores 

higher _3 3 0 2 0 

__ (<■) Decreasing amount of reward 


Bokar Moos 

Test groups IV, V H & V & 
_ & VI HI VI 

Scores the aame I 0 5 

Small reward scores 

higher 2 2 1 

Large reward scores 
higher 1 4 j 


Total 

Kambi number 

V id VIII & of 

VI IX instances 

2 1 9 

I 1 7 

5 


1 8 
2 8 
0 8 
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cessive test groups (fidjacent columns in Tables 1-4) aie compared. 
Where there are several scores at a certam level within the same 
group, these have been averaged. No scores appearing below the 
Italicized numbers in Tables 1 to 4 inclusive were used in making up 
Table 7. Group I of Bokar’s record is omitted because of the 
special conditions obtaining in these test senes. The amount of dif¬ 
ference between scores is not considered; the figures in the table 
show merely the number of cases for each direction of difference. 

Ayial^sis of Enojs In Table 8 is given a partial analysis of the 
errors made by the several animals in successive portions of the ex¬ 
periment. It is seen that some of the subjects had rather decided 
left-right preferences or tendencies; these animals seemed to be work¬ 
ing on the principle- When in doubt, take the right (or left) box. 
Of particular interest is the preponderance of errors during the last 
half, as contrasted with the fiist half, of each scries. Tabic 8 has 
a total of 30 divisions in which the pertinent data are available 
(last three columns), m 20 of these the second half has more errors 
than the fiist half of the senes, in two cases the numbers are equal. 
The significance of this finding is enhanced when considered m con¬ 
nection with the fact (see above) that the number of trials per 
senes seems to have no effect on the scoies or delay limits obtained. 
It 18 tempting to conclude that the animals anticipated or had a 
"set” for the length of the experimental peiiod. A more detailed 
analysis of the distribution of errors, not presented here, shows that 
the number of incorrect lesponses docs not increase with any reg¬ 
ularity towards the end of the scries, the error curve shows marked 
fluctuations 

Response Tune During all of Moos’s trials and during the latter 
lialf of the trials given Kambi, the time elapsing between the moment 
when the animal first had opportunity to respond and actual initia¬ 
tion of overt response was measuied with a stopwatch and recorded. 
Inspection of the records indicates a small positive correlation be¬ 
tween average response time and number of errors in a series, within 
a series wiong responses have, on the aveiage, slightly longer response 
times than have correct responses. The amount of incentive used in 
various test groups does not correlate with average response time. 

Summary 

Four young chimpanzees were used in delayed response situations 
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TABLE 8 

Showing Numdrr ot Errors Made on Left and Right Sinrs, and Dqrinc 
THE First and Second Halt of Each Strils or IkiaIjS 



No of 
trials 

Total 

errors 

Errors on 
Left Right 

Errors in 
first second 
half of h.ilf uf 
series senes 

Eriors last 
vs first 
lialf of 
senes* 




Bofear 





Preliminary , 

training 

458 

101 

63 

38 

•1-3 

30 



240 

20 

13 

7 

9 

11 

+ 

II 

300 

44 

18 

26 

13 

31 


111 

140 

18 

14 

4 

3 

15 

+ 

IV 

100 

4 

2 

2 

3 

1 

— 

V 

160 

S 

5 

3 

3 

S 

+ 

VI 

35 

4 

0 

4 

2 

2 

= 

Mixed senes 

100 

16 

8 

8 

S 

8 


Total 

1533 

215 

123 

Moos 

92 

86 

129 


Preliminary 

training 

20 

4 

No record 


+ 

Group I 

360 

75 

31 

44 

29 

46 

II 

100 

13 

8 

5 

9 

4 

— 

III 

180 

33 

13 

20 

9 

21 

-h 

IV 

70 

8 

5 

3 

3 

5 

-h 

V 

100 

6 

1 

S 

4 

2 


VI 

74 

5 

2 

3 

S 

0 


Mixed seties 

40 

5 

2 

3 

3 

2 


Total 

944 

149 

62 

Katiiht 

83 

62 

S3 


Preliminary 

trainiDg 

40 

16 

9 

8 

9 

7 


Group I 

90 

29 

13 

16 

12 

17 

+ 

II 

70 

17 

8 

9 

8 

9 

4- 

III 

80 

23 

13 

10 

6 

17 

+ 

IV 

90 

17 

6 

11 

9 

8 


V 

100 

9 

1 

8 

1 

8 

4- 

VI 

no 

18 

9 

9 

10 

8 

_, 

VII 

70 

11 

6 

5 

4 

7 

4- 

VIII 

120 

ll 

7 

4 

3 

8 

4- 

IX 

120 

21 

8 

13 

6 

IS 

4- 

Mixed senes 

92 

13 

4 

9 

4 

9 

4- 

Total 

982 

185 

83 

Veli 

102 

72 

113 

Preliminary 

training 

120 


Record 

incoinpEetc 



tJroup 1 

no 

17 

13 

4 

7 

10 

-h 

11 

70 

21 

18 

3 

8 

13 

H- 

III 

50 

12 

10 

2 

4 

8 

4- 

IV 

lOO 

15 

14 

1 

s 

10 

4- 

Total 

450 

65 

55 

10 

24 

41 

All animals 

3209 

614 

323 

287 

244 

366 



•A plus sign means that more errors were made during the Inat half of 
trie series than during the first half, a minus sign Indicntcs the reverse 
relationship, and an equal sign shows that the number of errors was the 
same in both halves. 
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for the purpose of determining the effect of quantitative variations 
of the food incentive on performance 

The data show that an increase in amount of incentive used con¬ 
sistently increased the delay limits. Decrease in amount of incentive 
always icsulted in lower limits. 

The amount of incentive affected not only response within a given 
tual, preceding ingestion of the reward, but produced also a gen¬ 
eral peiseverative effect on subsequent responses, raising or lowering 
efficiency of performance according to the relative size of the incen¬ 
tive. 

The "efficiency index" of the incentive, that is, the quantitative 
relation between amount of incentive and delay limits, is discussed 
Aftei pieliminaiy adaptation to the situation, meie practice did 
not increase delay limits T(.e numbei of trials given m succession 
likewise seemed to have no influence 

More errors were made in the second half of each senes than 
duiing the first half, regardless of the length of the senes 
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T.TMmTTTTNJPT? TiV LA QUANTITY DU STIMULANT SUR LE RENDE- 
"'St Sit?HI^5i■AN&S AVEC DES RfiPONSES RETAUDEES 

(R{aum£) 

Dan cette 6tude il a’QgIt des eHets g^niraux et gpdcififiiics dcs variations 
quandtatives tie la nourriture comme slimulant sur Ic rciidemcnt cle quatre 
«vine 3 chtmpan^da avec dea rdponscs rctarddci 
En employant une quanlild donndc dc rdcoinpeiisc, on n cntrnind clvaque 
auiet i choisir I’line de deux boites de nourriturc dans Inqiielle il nvait vu 
placet de U aourntura par I'expinmentatcur L'jntervnllc dc temps entre 
la mise de noiirriture dans la boitc ct I'occaaion dc In idponse n tti sys- 
tfematiqncment augment jeaqu’i ce que I'on avait atteint la limite dc In 

retardation ..... t . . 

Une flUgmentatioii de la qwaniiti dc la rtcompense n donn6 consequemment 

comme resultat ime augmentation de la durie on Ic siijet n pu rdipondrc 
comme 11 faut La ddcroissatice d« la quantile dc la rdcompense a produit 

I’effet cortraire. . , , , ,, , • , 

Outre I’effet sur 1‘exactUude de la riponae qui priefide In vrnic ingestion 
dc la Hcompense, la quontitfi di) stimulant produit un cllet gindrnl de 
perafivirntion sur les leponses subaiquentea Apiis qu’un nnimnl nurn 
montr« un rendement rSusai i de longs mtcrvnlics de rctnrdalion sous la 
condition d'une grande recompense, sa limitc dc retnrdnlion sern plus 
6Uvio qu’auparavant. On montre que Ics elTcts tie I'cxcrci.sc seuU ne 
peuvent expliquer cet efiet. Quand on entremSlc des fiprciives ^ grnnde 
recompense avec dea dpreuvea i petite rdcompenee. on a commo lisultnt un 
mellleur rendement avec la petite recompense que I’on nc pent nvoir quand 
la sdrie sc compose enliit'emcnt d'iprcuvcs petite recompense 

Ni&sbn ST Eider 


DER EINFLUSS DER MENGE DES ANSPORNES AUF DIE VER- 
ZOGERTE REAKTIONSLEISTUNGEN I3EI SCIllMPANSEN 
^Roferat) 

Dieses Studium beachatigt sich init den niigcmcincn nnd hcsondcrcn 
Wlrkungen der quantitaeivcn Yorandcrtingen des ruitcranspoinrs nuf die 
verzogertc Reaktionsleistungen von vier jungen Scliimpnnacn 
Beim Gebrauch einer bestimmten Mengc Fuller ah Eclohniing wiirdc 
jedes Tier traitiicrt, einen von zwei Fiitterkasten zii wnlilen, in cicn es 
den VI das Futtcr hineinstecken sah. Der Zeilrnum zwischen der Lnclung 
des Kastens und der GeUgenheit zur Rengicrung wiirdc sy^tcinatisch 
vergrosaert, bis die Grenze der Veizogerimg crrclcht wnulc, 

Die foetdaurende Vcrmehiung der Mengc dei llcloliniing cigab cine 
Vermehrung der Zeitdauer, die bei jedcra Tier zum nclitigcn Rcagiercn 
notig war Die Verminderung der Belolmung hattc die cnlgegcngcsctzlc 
Wirkung. 

Aiiescr dem Einflusa auf die Gcnaiiigkeil der Rcnktion vor dor clgcnt- 
llchen Elnnahme der Belobnimg erzeiigt die Mengc ties Anspoiiici cine 
allgemeine Beharrlichkellswirkimg auf naclifolgcnde Renktionen Nnclulem 
das Tier die Lelstung erfolgrcich iiber Jangc vcrzogeitc Zcltnbstiinde iintcr 
der Bedingung einer grossen Bclohnwng aiisgefuliit lint, wild seine Ver- 
zogerungsgrenze miC einer klcincn BeloliminR liohci sciii, nh sic vorlier 
war Es zeigte sich, class die Obungswirkuiigcn nllcin diesc Wiikiing 
mcht ewiaren konnen. Die Einmischung von grosscii llololinungcn mit 
k einen Belohnungen ergibt einc bcsserc Leistung mit der klcincn Bclohinmg, 
Ql3 es moglich ware, wenn die Reihe gaiw nus klcincn BelohnimRcn 


Nissen UNO Elder. 



SECOND YEAR DEVELOPMENT OF A RHESUS 
MONKEY (M^caca mulatto) REARED IN 

isolation during the first 

EIGHTEEN MONTHS-^i 

From th§ Laboratory of Comparative Psychology, Colntnbia Umvetsity 
John P Foley, Jr, 

The present papei represents a continuation of a previously re¬ 
ported study of the development of the rhesus monkey (Macaca 
mulatto), and deals with the second postnatal year, the first half 
of which was spent in continued isolation, and the second half m 
contact with othei membeis of the colony The need for such 
naturalistic and observational studies of the development of various 
primate foims needs no vcibal justification A detailed study of 
the ontogeny or developmental continuum of such an organism seivcs 
as an essential background for related investigations of a more 
experimentally contiolled nature. The interpretation of the be¬ 
havior of animals in various cxpciimental oi laborntory situations 
can be legitimately made only m teims of its laiger genetic con¬ 
figuration or meaning—the reactional bioginpliy of the organism 
(cf, 5, pp 39-41) Yeikes (41) has adraiiably stated the need for 
standardized primates, paiticulaily of the anthropoid type, showing 
the many risks and disadvantages of using animals whose nge or 
developmental status, sexual condition, disease history, and ex¬ 
perience are unknown. Nissen (24) has pointed out, foi example, 
how many of Kohler’s Vntwage and instrumentation situations (20) 
might readily be explained in teims of behavior mechanisms acquired 
and frequently executed in the natural habitat of the chimpanzee 
rathei than in terms of ^insight" or some other vague and highly 
complex mental process. 

Not only is an understanding of the development of general 


^Accepted foi publication by C J Warden of the Editorial Board and 
received in the Editorial Office, February I, 1935 
^Acknowledgement is gratefully made to Di C 6 Hartman of the 
Department of Embiyology, C.nrncgic Institution of Washington, Baltiinoie, 
Maryland, for the donation of the subject of known parentage and gestation 
age, and to Dr C J Warden, of the Laboratory of Comparative Psychology, 
where the investigation was carried out 
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modes of primate response essential to iiitcrpietation of experimental 
data, but it likewise enables the investigatot to formulate a problem 
mote in accord with the naturalistic behavior systems of the animal. 
Thus the elaborate and highly controlled experimental investigation 
must take into consideration a wide vaiiety of factors specific to the 
organism to he utilized, such as dominant reccptoi and ic.ictoi 
systems, dietary (especially maximal and minimal motivating con¬ 
ditions), general and specific rhythms and physiological conditions, 
and, above all, previous life history Nisscn <24, p, 4) has pointed 
out that "we should never be able to posit limits foi infra-human 
capacities without knowing how these creatures act in an environ¬ 
ment which, so far as wc can know, may be infinitely moic f.ivoi- 
able for the development and expression of such capacities than is 
a laboratory setting.*’ 

The recent foundation and growth of institutions foi the study 
of primate behavioral development both in laboiatory and field 
situations, such as is fittingly exemplified by tlic tripnilitc division 
of the Yale Laboratories of Psychobiology as described by Yerkes 
(39), argue for the impoitancc of the parallel growth of both 
supplementary methods of appioach. It should be pointed out, 
however, that so-called laboratory or experimental nml field or 
observational investigations arc not antagonistic, opposite, mutually 
exclusive, ot intrinsically diftercnt, but diftcr in the relative amount 
of control imposed upon the organism-in-cnviionment situation. 
Thus in the average field study no extraneous control wliatsoever 
is imposed either upon the organism oi upon its stimulating con¬ 
ditions, direct observations being made of the various leactions of 
the animal under such natuialistic conditions. In the laboiatory 
experiment, however, various ailificial restrictions aie utilized, 
such as a pnon selection of a given response or series of responses 
for experimental study, elimination of certain stimulAtional cues, 
enhancement of particular motivating conditions, etc. 

The necessity for complete data on the rcactional biography of 
the individual organism, and in some cases control ovci stimulating 
conditions from biith onwaid, is now quite geiicrnlly recognized. 
In comparing the beliavioi of various piimatc forms, sciious con¬ 
siderations should be given to the wide differences in both aiiatomico- 
physiological and psychologico-bchavioral development from primate 
to primate (cf. 5) As Kellogg (18) has further pointed out, 
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compaiative psychology frequently fails to recognize the tremendous 
role played by environmental mfluence upon captive wild animals 
both prior and subsequent to theix laboratory debut Any one who 
has had fiist-hiind acquaintance with the usual capture and transpor¬ 
tation conditions of wild animals will often wonder how such 
animals have ever been successfully used for behavior research. Any 
such wild animal who adapts to a strict laboratory routine lias 
exhibited a far greater degree of behavioral modifiability than is 
required oi produced by the average experiment. 

The writer has elsewhere (5) leviewed the literature dealing 
with the developmental aspects of the early behavior of the Macaca 
mnlaita, and has discussed both the implications and possibilities of 
such research That such studies are as yet surprisingly few indi¬ 
cates the complex of difficulties attendant upon any undertaking of 
this nature, as well as the past failure to recognize the various 
potentialities, both theoretical and practical, of this research. It is 
satisfying to note, however, that psychological and psychobiological 
research on the development of infra-human primates is increasing 
both in amount and in span of undertaking, and the resulting 
material is rapidly becoming data for a more inclusive science of 
comparative or evolutionary psychology (cf 6). 

Problem 

The present article reports fragmcntaiy data on the second year 
development of a rhesus monkey (Macaca mulatta)j reared for one 
and one-half years in isolation from its mother and other members 
of the species, and subsequently housed with other monkeys both 
of a similar and diffeient species. The subject, a male, was subse¬ 
quently given the name “Kias” The animal was born in the 
Laboratoiies of tlie Department of Embryology, Cainegic Institu¬ 
tion of Washington, Baltimore, Maryland, being the son of No. 
106 of that primate colony Birth occuiicd in the early morning 
of October 9, 1932, after a gestation period of 167 days The 
infant was forcibly taken fiom the mother on the morning of 
Octobei 12, thiee days aftei birth, and tiansfeiicd by automobile 
directly to New Yoik, where it has since icmained ui the Laboratory 
of Compaiative Psychology of Columbia Univeisity 

Throughout the subsequent two-year peiiod, there was no at¬ 
tempt at tuition, noi was the animal reared as a pet Contact with 
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humans and other animals was kept at a minimum diiiniK the first 
one and one-lialf /ears, involving only the feeding and obsciva- 
tional periods, after which the subject was housed with other 
monkeys and allowed to adapt and react with a minimum of exteinnl 
inteiference. As pieviously stated (5), it should be cmphasi/.cd 
that the task was attempted as an exploratoiy investigation oi pioncei 
study, the object being to test the feasibililv of icaiing an infant 
monkev in isolation, with the attending problems of diet, housing, 
and general care, and all other puiposcs wcic suliordinatcd to this 
primary aim. Observations are thus often biief and fingmcntnry 
rather than final and conclusive, and this is all the more tiue of 
the second yeai of development, since time for obseivation was 
limited It was deemed worth while to present a few of the most 
outstanding data, however sketchy and incomplete, as .i further 
chapter in the reactional biogiaphy of the subject. The continued 
physical and beliavioial development of the subject testifies to tlic 
realization of the primary purpose of the piojcct, and it is hoped 
that the infant Macaca mulatta will be mcicasingly utilized in 
future comparative psychological research. 

The first year development has been dcsciibed in detail in n 
previous report (5), and familiarity with llic mntennl therein 
presented is necessary m order to grasp the lelntivc significance and 
larger Gestalt of the present data. In older to avoid duplication 
as much as possible, many accessory data have been omitted in the 
present paper, and it is hoped that the leader will coiicctly regnid 
the data repoited in the following sections as ns a incic continuation 
of the previously reported investigation. As in the picvious rcpoit, 
not only is the gradual development of various behavior segments 
described, but an attempt ts made to coirclale the acquisition of the 
various reaction systems with the paiticiilar stumilatiiig cuenm- 
stauces which fioduced them. The sudden change of the subject 
from an experimentally imposed situation of complete isolation to 
one of intimate association with othei monkeys tlirows additional 
light upon the nature of certain undcilving behavior mcch.inisms. 

Habitat 

Having been peiiodically transfened to iiicrcasinj;ly laiger 
quarters at vaiious times thioughout the fii§t yeai (cf. 5, pp. 51-52), 
the infant macaque, tlien over five months old, was fin.illy housed 
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in a standard monkey cage in an isolated part of the piimate room. 
This cage was 28 x 35J4 x 34 inches, with a front door of 1-inch 
diamond mesh, and with a wooden shelf 18 inches above the floor. 
A galvanized grill flooi was situated above the sawdust 

floor pan Here the animal was leared in continued isolation 
throughout the remainder of the fiist one and one-half years, at 
which time, on April 9, 1934, it was transferred to a similar cage 
within the primate aiena This arena is composed of two double 
lows of cages one on either side, facing each other, the ends and 
top of the inteivenmg space being screened in with 1-inch diamond 
mesh so as to form a central enclosure oi runway 6 feet wide, 
13 feet long, and 7 feet high Here the subject could be daily 
allowed to exeicise and play, both alone and with othei selected 
animals. The daily 30-mimite period of Sunlamp stimulation was 
continued tliroughout the second year. 


Dietary 


The standardized Columbia weekly feeding schedule for monkeys, 
begun at the eight month (cf. 5, pp 52-54), was continued through¬ 
out the second year (cf below) As before, a cod liver oil piepara- 
tion was also employed daily, made fiom Squibb’s Adex Tablets, 
with Viostcrol, 10 D, powdered and mixed with Lnctophos (bone 
meal) The daily evening ration of banana was partially slit 
longitudinally and a small amount of this powdei sprinkled inside, 
theieby insuring a certain constancy and control in the amount 
taken, with a minimum of tiouble and inconvenience to both investi¬ 
gator and animal. This diet pioved most satisfactory, as is testified 
by the steady increase in weight (cf. Results) and by the fact that 
severe diarrhea or other pathological symptomatology was not evi¬ 
denced at any time throughout the two j'cais 


Standardized Columdia Weekly Feeding Sciiedulb for Monkeys 


Monday 

Tuesday 

Wednesday 

Thuisday 

Friday 

Saturday 

Sunday 


8 00 A M. 
Milk & Eggs 
Milk & Eggs 
Milk k Eggs 
Milk & Eggs 
Milk & Eggs 
Milk & Eggs 
Milk k Eggs 


1.00 PM 

Boiled rice, Ceieiy 
Boiled potato. Beet 
Wholewheat bread, Lettuce 
Boiled lice, Spinach 
Wholewheat bread, Celery 
Boiled sweet potato, Carrot 
Wholewheat bread, Lettuce 


Also small amounts of apple, orange, raisin, sunflower seed, 


6 00 P M 
Banana 
Banana 
Banana 
Banana 
Banana 
Banana 
Banana 
and peanuts 
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Discussion of Results 

In accordance with the general plan utilized in the picvioiis study 
(5), the more outstanding observations of the subject's second year 
of reactional development aie presented in tiuce sections; (1) 
Physical Devclopmentj (2) Sensorimotor and Simple Bclmvioial 
Development, and (3) Complex Bchavioial Development. Again 
may we point out that such a division is quite arlnliaiy, but serves 
as a convenient schema for classifying the oftentimes scattcicd and 
fragmentary observations. As previously sMted (ef. above), no 
attempt is made to portiay the complete bchnvioi rcpcitoiic of tlic 
subject, but rather to present certain of the more interesting and 
genetically significant data. 

1. Physical Development. The average monthly weight of the 
subject throughout the second year is shown numerically in Table 
1 and graphically in Figure 1. Measurements wcic taken weekly 
in all but two cases (periods 23 and 24), foi which tliicc niul two 
weights were recorded respectively The /igurc? picscntcd me the 
averages of the readings taken for €.*1011 successive 28'day peiiod 

Inspection of these data will show that the subject continMcd 
to increase rapidly in weight during the second postnnt.il year, 
although the amount or degree of such incicasc liccame gradually 
diminished (cf, 5, Table 2 and Plate I, pp 55-56). 'I'lie subject 
weighed 422 grams, or 1+9 ounces, at With (Oct. +, 1932); 
1508 grams,® or 53 1 ounces, at 1 ycai of age (Oct. 4, 1933); .iiid 
2013 grams, or approximately 71 ounces, at tlie ngc of 2 ycais 


TABLE 1 

Ayiracb Monthly Wbighj During Tjia SreowD Ypak 


Age* 

Average 

weight 

(grams) 

Age* 

Avernge 

weiglit 

(grams) 

H 

1544 

21 

1875 

15 

i(;o6 

22 

1909 

16 

J63} 

23 

1937 

17 

1698 

24 

1964 

18 

195J 

25 

1971 

19 

1789 

26 

2003 

20 

1832 




•Successive 28-day periods 


Weight at Qge of 52 weeks (5, p SS, Tabic 2) mlaprlntctl ns 1580 grams; 
lould read 1508 grams, 
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FIGURE 1 

Averacg Monthly Weight During tub Srcond Year 

(Oct. 4, 1934). These figures are slightly lower but in general 
corroborate those given by Schultz (28), who has reported tentative 
avciagc weights of 1646 grams (8 cases) and 2450 grams (6 cases) 
at the end of the first and second yeais, rcspectivelv. Thus during 
the first year the present subject showed an increase of 1083 grams 
in body weight, wheieas only 508 grams were gained during the 
second yeai, less than half of the fiist year giowth. Since the data 
are for 28-day peuods, all minor fluctuations aie necessarily omitted, 
although inspection of the original weekly (and on a few occasions, 
daily) measuiements yields the fact that with increasing age such 
fluctuations become less apparent, iclative to the weight of the 
animal. 

The dispropoitionately large head and ears and small hind 
quarteis, markedly piesent duiing the earliest postnatal days, grad¬ 
ually disappeared, so that by the end of the second ycai Kras had 
definitely assumed the bodily proportions of the adult Macaca 
vndatia (cf Schultz, 28) The hair, straight and medium in 
textuie, has attained the varied length, density, and biownish color 
of the typical macaque, and is chaiacteristically distributed over the 
entiie body suiface with the exception of the upper eyelids, nipples, 
iscliial callosities, palms, soles, and terminal pJialanges (cf. 15). 
The facial wiinkles, gradually decreasing fiom birth in both number 
and degree, have completely disappeared The testicles remain 
undescended, clearly visible in the canal some distance above the 
sciotum 
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2. Sefisojimo/or and Simple Behavtotal Dcvelopmeui. The 
sensorimotor development of the infant Maeaca mulntta hits been 
described in a preceding connection (5) as being viitiially com¬ 
plete by the middle of the second postnatal week, and liencc need 
not be discussed here. Subsequent practice, liowevci, especially in 
activities involving motor adjustments, resulted in liner cliffcicnti- 
ation of the specific behavior segments oi icaction components, as 
well as an increasingly wider variety of such intricate icsponscs to 
an increasingly larger number of stinnilus objects and events. Not 
only did new objects acquire additional stimulus functions oi mean¬ 
ings, but many of the responses formerly made to ccrt.iin stimuli 
were lost, or rather, replaced by other patteins of reaction 

Sleepinfft so frequent during the earliest days, was seldom noted 
in the daytime during the second year. The specific overt pattern 
remained largely uncliangcd from approximately tlic second month, 
consisting in sleeping with the body bent forward, the leg'f flexed 
and drawn up under the body, and the arms extended forward and 
outward to form a cushion for the head. 

Yawning, not observed during the firs*t j'cnr, was subsequently 
noted on several occasions. The mouth was partiallv opened and 
the lips drawn back on cither side of the mouth, exposing the teeth 
This 18 a more or less typical reaction pattcin of tlic macaque, nnd 
differs from yawning in the typical human animal in that in the 
latter subject the mouth is usually opened wide find the lips aic 
drawn taut more in the vertical than in tlic horizontal plane. 
Coughing and choking were seldom observed, this decicnsc in fre¬ 
quency probably being due to moic efficient use of the mastientory 
and deglutltory mechanisms Sneezing was not observed dvnvng the 
second year, nor could it be elicited by tickling the innci nostrils 
with a horse-hair point. The nose and entire facial region bccnnic 
wrinkled upon such stimulation, but no sneezing lesultcd. The 
writer would not wish to conclude that the mechanism was absent, 
however, since more adequate stimulation of the internal membranes 
might very likely elicit the reaction As would be expected, the 
fid reflex or rapid winking response to a non-visnal stimulus showed 
no observable change. 

Responses which we have chaiacteiizcd as mouthing, muzzling, 
biting (non-masticatory), and oial exploialmn, commonly exhibited 
by the infant macaque in the earliest days, had practically disap- 
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pcared by the fifteenth month Only on occasions of extieme 
emotional stimulation and excitement did Kras resort to such 
behavior (cf. beloiv). Thus these biting or moutlnng responses were 
originally the piecursjors of modified sucking reactions (cf 5, pp 
67, 80), winch in turn paxtially gave way and were replaced m 
many cases by othei moie adaptive forms of behavioi. As in the 
case of their predecessois, the sucking reactions remained relevant 
only to certain (le., liquid food) situations, and were no longer 
elicited by a wide vaiiety of stimulation 

The early foims of crying oi vociferation peisisted with certain 
modifications of patterning, and the stimulus conditions for such 
behavior became widely varied. This behavior, with special lefer- 
ence to ceitain acquired vocal and stimulational characteristics, 
will be discussed in the following section on “Complex Behavioral 
Development ” 

The scratch teflex or sctatclnuff reaction was infiequently noted, 
having disappeared as a common occurrence as early as the fourth 
week (cf, 5, p. 68). The righting reflex continued to be exhibited 
whenevei the animal was released vcntial side up, and was executed 
with a minimum of useless and uncooidmated movements The 
grasping reflex, clutching or clinging response, involving the more 
complex reactions of contact seeking and the seeking of bodily 
support, the most outstanding and peisistent beliavioi patterns dur¬ 
ing the eaily stages of behavioral development, giadually diminished 
both in frequency and in dcgiee of manifestation. By the end of 
the second yeai, such reactions were observed only m cases of 
seveie emotional excitement (cf below). Whereas it was once 
almost impossible to foice the infant to lelinquish his grasp on a 
suspended horizontal bar (5, pp. 69-72), such reactions were but 
occasionally observed at one yeai of age, and by the end of the 
second year the subject would not cling to the bai under any con¬ 
ditions vvhatsoevei, but would immediately drop to the floor These 
data aie analogous to those reported by Watson, GcselJ, and otlieis 
foi the human infant. As pieviously pointed out (5), this transition 
in giasping or clinging behavior was giadual, and its decicasing 
manifestation Avas correlated with the acquisition and development 
of locomotion and other complex sensoiimotor cooidinations. The 
above statements aie made with lefeicnce to what may propeily 
be teimed the giasping oi clinging reflex, manifested Avhenever the 
usual means of support was leraoved (eg, clinging to a suspended 
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bar in mid-air), and do not refer to cases in wliich the monkey 
grasped or clung to a desired object, such as a piece of food. The 
grasping response per sc undoubtedly icinaificd intact, altliough it 
was no longer elicited by stimulation involving loss of sup|>oit, the 
entire picture being further complicated by tlic animal's wide langc 
of adaptive, substitute, or alternative reactions. 

By the end of the second year, locomoio) ahUities, including 
walking, running, jumping, climbing, and related activities, liad 
reached a state of perfected coordination and efficiency equal to 
that of the typical adult macaque This development was at first 
obscrvedly retarded by the artificiaV isolation and attendant re¬ 
striction of stimulation and response experimentally imposed upon 
the subject for the fiist one and one-lialf years, although the subse¬ 
quent one-half year period of association with other members of 
the species was sufficient to make up for the wuior initial clefidcncy. 
Theie was, however, a tendency for the subject to rear up, stand, 
and walk for short distances on his hind feet alone more often than 
in the average macaque. This obseivation was made as caily as the 
beginning of the fourth month (5, p. 73), and continued to hold for 
subsequent periods, although tuition in the tiait was ncvei given. 

Likewise, the tendency to climb oi onent upwaid was not ohscivctl 
during the second year. As pointed out in the aiticlc dealing with 
first year development (5, p. 74), upwaid clinibhig teaclious to 
the veitical stick and upwaid oneniation on the elevated platfonn, 
markedly present immediately subsequent to birth, tended to dis¬ 
appear after the infant had learned to walk .mil make a wide 
variety of substitute adaptive reactions. This finding, a corrobora¬ 
tion of the results of Tinklepaugh and Ilaitiiian (32), is closely 
lelated to the observed disappe.arancc of the gtasping ieflc\ (cf 
above), since the upward climbing reaction is obviously complicated 
by the basic grasping, clutching, and contact-seeking responses, by 
emotional factors, and m fact by the developmental status of the 
entire behavior repertoire of the subject 

behavior, consisting of i tinning, jumping, climbing, and 
leaping upon and seizing objects, Avith attendant vocalization, showed 
a pronounced increase immediately aftei Kras was housed in close 
proximity to other monkeys. When let out into the cciilial arena 
or runway, he would lun from side to side, climbing up the sciccn- 
mg at the end of the enclosure, only to jump to the flooi again 
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He would often climb up on the heavy diamond mesh forming the 
door of another animal’s cage, and would frequently swing back 
and forth on the door of his own cage, alternately opening and 
closing It The last few weeks of the second year, however, 
seemed to show a slight decrease in general amount of spontaneous 
play activity This may have been a mere artifact, or may possibly 
be a piecursor of a less active existence, Caipenter (4, p. 79 fE) 
has recently obseived that the amount of play activity shown by 
young howling monkeys in their native habitat “increases until the 
juvenile 1 stage, and then there is a rather sharp decline to a 
minimum of play m adult animals.” It is also interesting to note 
that rarely did the present subject, during the course of his climb¬ 
ing and random play activities, invert his head or body Descents 
from a height weie almost invariably made either in the human 
fashion, hind feet fiist, or by jumping Additional relevant ma¬ 
terial regarding play activities, especially as influenced by social 
stimulation, will be presented in the following section 
Too much emphasis cannot be placed upon the lemarlcable degree 
of seuso^imoior coouhnation attained by the two-year-old subject. 
Whereas during the early days, “misj'udgcd distances were the rule 
rather than the exception” (5, p 76), later reactions were perfected 
and executed with such precision, speed and timing, that they often 
escaped human obseivation Especially outstanding was behavior 
predominantly characterized by prehension and mantpulation of 
stimulus objects. Use of the pedal extremities, however, was 
definitely inferior to that exhibited by the typical macaque. This 
deficiency may with a high degree of piobability be attiibutcd to 
the experimentally imposed isolation, with lack of stimulation and 
piactice conducive toward the development of such behavior 

Use of the cheek pouches, first noticed at 107 days of age (5, 
pp. 76, 81), became a common behavior trait, not unlike that of 
the aveiage rhesus monkey This topic will be discussed in con¬ 
nection with feeding bchavioi m the following section. 

3 Complex Behavioral Development During the second year, 
feeding behavior, including biting, chewing, and swallowing, was 
obseived only in situations wherein food was available, showing 
that diifeientiation with respect to such stimuli had been satisfac¬ 
torily accomplished This behavior was in marked contrast to the 
early tendency to bite immediately at any object held within the 
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infant's visual field (5, pp. 78-79). If food was prcbciitcd which 
had nevei before been experienced, Kras would seize and convey it 
to the nose foi olfactorv inspection, before puttinj; It in his mouth. 
When satiated, the subject no longer made the once characteustic 
thrusting and slapping movements of the aims and haiuls, hut left 
the food at once and reacted to other stimuli. If the food weic 
removed before satiation bad occurred, however, the same type of 
violent emotional icspoiisc was made as fotmcily, uwulviUK pucker¬ 
ing of the mouth, vociferation, frequent thumbsucking, plus a new 
addition, jumping up and down. 

Liquid food was taken from the pan by the combined process 
of sHct'mi and lap(>nig movements of the tongue The lepcated 
giasptns reaction with the hands and fingcis while feeding, Involv¬ 
ing alternate opening and closing of the hands and digits, which 
at first was made with such frequency but winch disappcaied by the 
tenth postnatal week (5, pp. 80-81), was never again obscived in 
a food-taking situation, although such behavior did ic.ippcai duiing 
violent emotional stress. In the natural, iiiulistuihcd molhci-infant 
situation, these caily clutching leactions, In so fai as they aic elicited 
by and directed toward the ventral furry surface of the supporting 
mother (16, 31, 32), undoubtedly have sonic adaptive vulue, and 
such behavior was “carried over” and exhibited by the infant Kras 
in response to feeding situations after cxpciimciiuil isolation fiom 
the mother, the diminuation and subsequent disappcaiaiice of buch 
reactions taking place in conformity with a piincijde not unlike 
that of experimental extinction. 

The cheek pouches were frequently used foi stoiagc of food, es¬ 
pecially if the subject was fed in the Immediate presence of otlici 
monkeys Food could thus be hurriedly taken, letained, and subse¬ 
quently eaten over a period of time, being pushed out into tlic moutli 
cavity with the hands or shoulder blades. Food pi efci cutes were 
also exhibited, milk, orange juice, and mush oi gruel being most 
readily taken throughout the second year. It is of importance to 
note that these liquid or semi-liquid foods constituted the exclusive 
diet up to the age of 5 months (cf. 5, p. 53), and maintained then 
preferential value from the beginning, Apple, raisin, peanuts, and 
sunflowei seed, having the highest motivating value foi most of 
the monkeys m the Columbia colony, elicited sccoiidaiy preferential 
reactions in the present subject In fact it might be said that in 
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general the preference w{»s inversely proportional to the dryness 
and solidity of the food. Banana was relatively well liked. Kras 
did not actually peel it, however, as does the typical monkey, even 
when the peeling is latei to be eaten. This lack of specific differ¬ 
ential icsponse to peeling and internal fruit characterized the sub¬ 
ject’s behavior from the fiist, as was pointed out in the previous 
report (5, p 82), and certainly cannot be attributed to lack of 
requisite sensorimotor mechanisms. Only occasionally, when the 
relatively harder peeling offered more resistance to the teeth, did 
Kras push back the peeling a few millimeters with his thumb. The 
succeeding bite, however, consumed both peeling and enclosed fruit. 

No coprophfiffous behavtoi was observed at any time. Whereas 
on a few occasions during the first year tlie infant manually and 
olfactorily examined the feces, although never tasting or eating 
them, he seemingly learned to avoid them entirely, for even such 
cursory interest and examination was never noted during the second 
year period. 

Vocalization continued to be less frequent than in the average 
macaque of the same age The rcpertoiic remained practically the 
same as that previously repoited for the thirteenth and succeeding 
weeks (5, p 84), with the single addition of what may be teimed 
a "hunger-anticipation cry,” which appeared during the latter part 
of the nineteenth month, after the subject had been housed for 
2-3 weeks in close pioximity to the othci monkeys In general, 
the following four types of ciics could be distinguished by the 
end of the second yeai 

1 "Piny cty" consisting: of a cleoi, shrill, nnd high-pitchccl 
cry made with the lips pursed and lounded A given cry 
somewhat lesembled the sound of the double vowel in the word 
"food," although slightly sluired, and increased and then 
decreased in pitch 

2 "Fcai-Pam ay!’ consisting of a scream of rapidly vary¬ 
ing pitches, made with the mouth open and the entiic face 
wrinkled and distorted 

3 "Food-Conlcntmeut cry!’ consisting of a soft, short, 
guttural, and slightly hoarse noise, often accompanying eating, 
gentle Btioking or handling, or attainment of contact or support 
after emotional stimulation, and often associated with rapid 
opening nnd closing of the lips ("mouthing response") 

4 "Hmiijci-AnlicipaUun ay!‘ cunsistiiig of a clcai, falsetto 
cry of descending pitch, made with the lips in then normal 
position and the month partially open 
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The difficulty nnd necessary artificiality ol icducing the complex 
vocal behavioi of the Macaca mulalta to a sinii>Ic cl.isbification can¬ 
not be overemphasized. If the rcstiictioiis anti limitations of the 
classification ate kept m mind, however, it does seem both empiri¬ 
cally justifiable and profitable to isolate tlicsc major types of vocal 
behavior, and to consider other cries as modifications of the above 
four. The repertoire of the present subject at two yeais of age 
seems to have been fully as complete as that of the othei, older 
monkeys in the Columbia colony. The "food-contentment cry” was 
more fully developed and frequently elicited than in the other 
macaques, "With respect to the foiutli oi "lumgcr-.inticipation ciy," 
It IS interesting to note that it was acqiiiicd in tlic most exact detail 
from the other monkeys At no time was it lieanl during the period 
of isolation, prioi to the nineteenth month. Latci, however, when 
the experimenter would enter the laboratory in the morning just 
before feeding time, the sound of his footsteps and tlic opening door 
would immediately elicit the cry fioin Kras and the entire colony 
Similarly, the closing of the ice-box door c.auscil tlic same vocal 
leaction, which did not occur at the closing of cabinet and other 
doors not associated with or conditioned to food-taking siluadnns. 

Pre/ic/fsion, rnmit^ufiTtioii, and eye-hand cooi/hufi/ioii have been 
discussed in the preceding section Handedness conlinucd to be 
non-preferential, the subject being completely ainhidcxtious with 
respect to frequency and efficiency of manual prehension and 
manipulation. Play behavioi has also been discussed at Iciiglh above. 
It might here be added that, at approximately the ninctcentli month, 
Kras developed a more or less indiicct, circuitous, or "stalking" 
type of play activity which was not exhibited piioi to Ins cntiy 
into close association with the other monkeys at 18 months of age 
(cf 5, p 75) Although the account of the development of tlicir 
non-isolated rhesus monkey docs not go beyond ihc fifteenth week, 
Lashley and Watson (22, pp. 137-138) desciibc the play of their 
subject as "beginning as simple thrusting out of Ins hands against 
his mother," and state that "it developed rapidly into the more 
complex stalking of various objects in the cage.” They also ob¬ 
served that 'the stalking play was at first directed lowaid .ill 
conspicuous objects in the cage, but as the bahy learned to cat 
solid food his attention became more and more diicclcd lowaid this, 
and his play activities to center around rt." Tlius tlic piesciiL finding 
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would be expected in the light of Lashley and Watson’s data, i.e, 
the absence of such activities during an extended period of complete 
isolation, and the rapid acquisition of such behavior when the animal 
was placed in a more competitive situation wherein such icactions 
weie frequently practiced by all concerned 

This noticeable increase in play behavtor has been described in the 
previous section dealing with “Sensoiimotor and Simple Behavioral 
Development ” Such an increase may be characterized as a gradual 
change from the original self-composed or more nearly “introverted” 
type of play behavior toward a moie objective or “extioveited” mode 
of response In this connection, Lashley and Watson (22, p. 138) 
make the following statement in legard to their infant macaque 

"Self irnitnuon,*’ so marked during certain stages of the 
human infant, was almost entirely lacking. The few actions 
which might be so interprctcil woie those of climbing and 
leaping, with evident enjoyment of the activity itself . In 
most of his play, however, his interest seemed to be centered 
in exteinal objects rather than in the movements themselves 

It seems clear, however, that in the present case at least, this 
external reference was slowly acquued dunng the development pio- 
cess, and that tlic acquisition of such bchavioi, undoubtedly retaided 
by the expeiimentally imposed isolation, was lapidly enhanced by 
placing the monkey with other animals m a moic extensive milieu 
of stimulating conditions 

Little vaiiation m the patterned emotional behavior of the subject 
took place duimg the second year, although the nature and range of 
stimuli eliciting a given emotional response were considerably alteied 
The greatest change occuiied in connection with the '^'feat reaction/" 
whose pattern has been previously described (5, p. 86). This 
response pattern, violently elicited (postnatal) by icmoval of con¬ 
tact 01 support but not originally elicited by loud sounds, came, 
by the end of the second year, to be evoked by certain loud and 
novel sounds, such as the bark of a dog or the sound of breaking 
glass, and at the same time disappeared in response to stimulation by 
removal of support. The latter disappearance may be easily undci- 
stood m teims of the acquisition of otlier modes of adaptation to the 
once “feai-evoking” icmoval of support, and might have been pre¬ 
dicted on the grounds of behavioial development Similarly, the 
later potency of certain loud and novel sounds as instigators of 
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"fear” behavior mai^ quite likely have been the result of condition¬ 
ing received subsequent to the eighteenth month The "inge‘ oi 
’’anger reacUon" (cf. 5, p 88) continued to be evoked by hainpcimg 
or restraining the animal’s movements, being accompanied by thumb- 
sucking and, on very rare occ.isions, by what we have tcimed tlie 
"fear-pain cry.” The "love teaciion* also showed hut little change 
(5, p 88), and w-is made on occasions immediately following ex¬ 
treme fright or in response to ccitain othei monkeys oi to the 
experimenter (never to slrangeis). At such times the "food-content¬ 
ment cry” was commonly made In gencial, it may he stated that 
during the first two postnatal years emotional behavior hccame 
gradually less intense with increasing morphological and behavioral 
development. 

Clinging behavior, originally elicited in response to the experi¬ 
menter’s hand, so that the latter literally became a fetish for the 
animal, although at first without sexual signific.incc (5, p. 91), 
took on the function of a sexual stimulus toward the beginning 
of the second year, although tire exact date cannot be accurately 
given. The original traces of this behavior were gicatly icinforccd 
subsequent to the eighteenth month, at which time the infant’s 
curve of sexual behavior losc with a rapidity gieat enough to be 
characterized as "insight” by the tj'pical Gcstaltist. A more detailed 
account of sexual behavior will be picscntcd below. 

Emotional fits or tanuums continued to result fiom foicibly 
depriving the monkey of a play oi food object (cf. 5, p 91). 
Similar emotional responses ensued if such a dcsiied object was 
given to anothei monkey, and will be discussed below In connection 
with the more complex trait of “jealousy.” If at nny time a small 
leather belt, similar to that woin by the other member-; of the 
colony, was placed around his waist (5, p 92), Ktas immediately 
showed the characten'stic emotional grasping bchavioi, pulling at 
tlie belt, clutching himself, swaying or oscillating back and forth, 
sucking his thumb, and crying, until the belt was lemoved At 
such times Kras would also utter the “feai-pain ciy,” rc.n up on his 
bind legs and go around in circles, often striking Ins head and body 
against objects in the room in his ficnzy to remove the obbtaclc. 

It IS of interest to note that at no time did Kras, icg.udlcss of 
his emotional state, make the slightest attempt to bite the wiitci, 
although on tare occasions he would playfully bite a stranger at 
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the slightest provocation Nor would he utter a cry if hurt or 
painfully stimulated by the experimenter. The prick of a needle 
would elicit only contoition of the face and sporadic escape move¬ 
ments similai to those made if he were foicibly restiaincd. The 
“feai'pain cry” thus rarely denoted pain per se, but moie often anger 
or othei antagonism resulting from such stimulation 

It will be recalled fiom the oiiginal article on first yeai develop¬ 
ment (5, p. 92) that csctUating oi swaying movements were piesent 
from the tliird postnatal day, being “usually made in an emergency 
and highly emotional situation ” The exact pattern of response 
involved eithei placement of the hands and foreaims on the floor 
directly in fiont of the body or grasping the thighs or hind legs, 
the total body maintaining the sitting posture, and the making of 
rapid and ihythmic movements, the body being alternately raised and 
lowered, i.c, swayed back and foith. In the original icport, the 
writer mentioned unpublished observations by Nisscn on the oc¬ 
currence of such boliavloi in the chimpanzee, as well as the pre¬ 
viously unreported occuncncc of similar icactions m the isolated 
infant macaque of Engle Although such activity is siipeificially 
similai to that often occurimg in sexually stimulating situations, it 
should not be confused with attempted copulatory behavior, since 
Its ontogenetic ougin, particular stirnulational antecedents, and 
component details arc entuely different in character. 

The ''mouthing and tongue response," piesent from the seventy- 
first day, and involving rapid opening and closing of the mouth or 
lips and corresponding thrusting and withdrawing movements of 
the tongue, and often occuiiing in conjunction with the “food- 
contentment ciy,” was also frequently observed duiing the second 
year As foimeily, the response was often made before or after 
feeding or when the monkey was stroked or petted following extieme 
flight (cf 5, p. 92) Subsequent to the twentieth month, however, 
the response was additionally obseivcd in sexually stimulating situa¬ 
tions in which the subject was attempting to copulate with some 
other monkey or with the experimenter’s arm. The sexual signifi¬ 
cance of such cl “mouthing lesponse” prioi to copulation has been 
lecently lepoited by Caipenter (4, p 82 ft.) in his field study of the 
howler monkey In describing this “provocative” behavior of tlie 
howler m its native habitat, Carpenter concludes “The behavioral 
aspects preliminary to copulation are the rhythmic tongue move- 
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ments, provocative posturing, and exploratory beliavior.” Such 
reactions were not observed in other, non-se\ual situations, as in 
the case of the present subject, although siKcJi a deficiency might be 
due to inadeejuate opportunities for observation or to the lack of 
adequate stimulation such as that received by the picseiU subject 

Thnmbsnchng, another emotional accompaniment, also persisted 
throughout the second year, although the total amount of time spent 
in such activity decreased, owing to the laigcr and inoic varied 
repertoire of substitute bcliavioi The gieat toe of the left hind 
foot continued to be favoicd (cf 5, pp 92-93). and as a result be¬ 
came greatly enlarged, the discrepancy in si'^c between the great 
toes of the rtvo feet being of the ratio of 2 to 3 Tlie act was so 
firmly fixed that at times Kras would traveise the length of his 
cage on three legs, the great toe of the fourth remaining "con¬ 
tentedly” in his mouth 

Several cases of inCercshng manneiisnts and "hnbit } esuluttls'" may 
be parenthetically noted The upward motion of the hind foot as 
if to place the great toe in the mouth was cited in tlic previous rc- 
poit (5, p 93). In the light of the recent work of Hull, it would 
be highly informative to know if such a icsponse weic "anticipatory” 
and hence connected with any salivaiy disturbance. The disap¬ 
pearance of the repented grasping movements fornieily inmlc wliilc 
drinking (cf above) illustiates the abaiidonmenl of another sucli 
residual, A further example of habit residual is illustrated by fre¬ 
quent clutching of the right eycbiow with the conespoiiding hand. 
No foreign particle was detected in the eye itself, and the iiiaiineiism 
was probably due to the extremely long and projecting cvcbiows 
which once undoubtedly paitially obstiuctcd the infant’s visual field. 
The reaching response pcisisted, however, although the longci eye¬ 
brows were carefully cut. 

The se'vual behaviot of the picscnt subject was paiticulaily in¬ 
formative, and deserves separate consideiatlon quite apart from its 
emotional aspect. The cxpenmentnlly imposed conditions undei 
which the animal lived and developed showed a rcmaik.nbly liigli 
correlation with the sexual bchavioi patterns exliihitcd from time 
to time in the course of reactional development. TIic following 


statement was made m the lepoit covcimg the fust yo.ii development; 
As vFould be expected from other studies on isolnled nniinnls, 
the sexual behavior of the present subject was practically ml. 

The svyaying movements and mouthing icaclions, iilthough 
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superiicially resembling modifications of sexual behavior, had 
no such actual significance. The testes did not descend during 
the first year. , nor was erection observed during this period, 
although It has been subsequently noted In striking contrast, 
Lashley and Watson . observed such a reaction on the 
sixty-first day (5, p. 93) 

As pointed out above, the testicles remained imdcscended duung 
the second year. Erection was first noted during the fifty-ninth 
week, and continued infiequently to appear, although piior to the 
eighteenth month it was raiely accompanied by other overt behavior. 
Occasionally Kias would touch the erected organ, but such manual 
manipulation was by no means moic frequent than similar behavior 
m response to other relatively ciogenous areas of the face and ex¬ 
tremities Thus there was a minimum of explicit sexual behavior 
during the peiiod of isolation, and the relatively late incidence of 
the then unconditioned and more oi less strictly biological act of 
election, in contrast to the data of Lashley and Watson, further 
substantiates this fact The behavioi of the subject, both when 
alone and when placed with othei monkeys for a short obseivational 
peiiod, was consistently Hoti’Sexnal 

Aftei having been permitted closer association with othei monkeys 
fiom the age of 18 months, however, Kras began to exhibit such 
sexual behavior The cailiest reactions consisted of olfactoiily ex¬ 
ploring the body of the other monkey, clutching some part of the 
animal’s body, usually the leg oi back, and making a few spoiadic 
thrusting movements of the pelvis Erection was not always present 
on such occasions, and no preference was evidenced for female over 
male animals nor for the rhesus ovei the cebus or capuchin types. 
In fact such icactions wcie on a few occasions observed in response 
to a lag or othei soft object By the end of the second year, the 
sexual behavior had become more or less localized with respect to 
the genital regions, and there was a general although by no means 
exclusive piefeience for female animals. The arm and hand of the 
experimenter continued to function as a sexual stimulus, as has been 
desciibed above in connection with the "mouthing and tongue le- 
sponse ” The following quotation from the laboratory notes for 
October 5, 1934 is a typical illustration of sexual behavior at the 
end of the second year in response to a very tame and good-natuied 
female macaque, approximately 7^ years of age ■ 



92 


JOHN P FOLEY, JR. 


When turned out with Bright Girl today, Kra^i played 
around m the nrenn for 4-S minutes wuhoiit apparently notic¬ 
ing her He finally approached and grasped her around the 
waist from the ie«r, after smelling the vaginal and anal 
regions several times. Erection appeared and, as she remained 
crouching oa the floor, he strengthened his hold around her 
waist with both arms, and made the characteristic rhythmic 
thrusting movements of the pelvis, the tad curling iij) under 
the legs. Bright Girl remained passive, and the movements 
ceased within 10 seconds. 

These data are in full accord with the findings of Hamilton (13, 
14), Tinklepaugh (29), and Zuckennan (43) on monkeys, and 
other investigators on infraprimate mammals in rcgaid to experi¬ 
mentally produced homosexuality and other sexual ahenations and 
the consequent general importance of stimulating circumstances in 
conditioning fundamental drives and action-tcndcncics. The m- 
portant thing, so far as the description of behavior is concejned, is 
not the coustiiution and relative stiength of the so-called basic drives 
of the organism, but lather how such "drives" are conditioned, Joi 
it is onlii this historical or btogtaphical faetoi which can adequately 
account for the specific strength and patteminp of behaviot, 

The reactions of the subject to oihei animals continued to be posi¬ 
tive in all cases with the exception of certain monkeys wlio slapped 
and bit at Kras whenever he approached, and even in such cases 
definitely aggressive behavior was usually exhibited. Tlie original 
clutching reaction (5, pp. 94-96) of course disappeared, just ns it 
had in response to inanimate stimuli. Kias developed ccitnin pte- 
fetences and aveisions for particular monkeys, however, and these 
led to the formation of social gtoupmgs, incipient stages of phenomena 
which have been described by Bingham (2), Carpenter (4), Nissen 
(24), Zuckerman (43), and others foi infrahuman piimates, .incl by 
Biihlcr, Gesell, Jones, and others too numerous to mention for the 
human child Thus, for example, Kras and Bright Giil constituted 
one such early social grouping, quite independent of sexual behavior 
They would climb around the cage and play together, even getting 
in and out of each other^s cages If another caged monkey would 
exhibit anger and menacingly jump forward to the door of its cage, 
both Kras and Bright Girl would approach and try to seize oi bite 
the monkeys hands through the cage dom. Tliis paiticulai gioup- 
ing was weakened, however, as a result of frequent attempted 
copulation on the part of Kras 
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Aggressiveness characterized the behavior of the subject through¬ 
out the second year. Behavior not dissimilar to that termed jealousy 
was also fiequently exhibited. If food weie given to another nnon- 
key, even to one for whom Kias had formed a positive attachment, he 
would often display a series of violent reactions, jump up and down, 
put his ears back against his head, and utter the "hunger-anticipa¬ 
tion cry" followed immediately by the "fear-pain cry," and if these 
were to no avail, he would finally resort to thumbsucking On rare 
occasions he would become bold enough to dash up and try to 
snatch the food fiom the other monkey’s hand, although he was 
usually biiskly cuffed away, after which he would not daie to 
repeat the attempt foi some time He would become quiet im¬ 
mediately if given food, making the "mouthing and tongue response" 
and uttering tlie "food-contentment cry " 

Certain early peiceptnal reactions of the subject, occurring prior to 
experience with a particular object oi class of objects, are not without 
interest. The evolution of the subject’s reaction to his minor image 
was described in the previous report (5, p 98) and sliowed little 
further change In fact it became increasingly difficult to get the 
animal to attend to a given stimulus object, since such n wide variety 
of stimuli and reaction-systems was continually competing foi his 
attention On one occasion during the fifty-fourth week, however, 
Kras was seen suddenly to place his ears back and ;ump forcefully 
against a large pane of glass, in which he no doubt saw his reflected 
image The lack of diffeienttal response to the peeling and fruit of 
a banana has been discussed above in connection with feeding be¬ 
havior At 16 month of age, the response to tee was first tested 
When a piece of ice was placed on the floor of his cage, he looked 
curiously at it, slapped at it, and then explored and finally seized 
It in both hands and jumped up onto the shelf of the cage He held 
tlie ice for appioximatelv three minutes, licking it periodically and oc¬ 
casionally trying to bite it. Finally it was abandoned on the floor, 
although he returned and continued to play with it fiom time to 
time. Two further intcicsting observations on perceptual behavior 
during the fiist year were unfoitunately omitted from the previous 
report. During the forty-fifth week, ICias was seen to teach out and 
attempt to giah oi manually manipulate smoke nngs accidentally 
blown by an observer Similarly, at approximately one year of age, 
he was obseived to jump up into the laboratory sink and endeavor 
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to climb np a smoothly Rowing sUeani of watet Tlic above ex¬ 
amples of objectively inappropi iatc reactions, nltliough sketchily 
drawn, illustrate certain stages in the development of perceptual 
adaptations, and are not without value for an empirtcal or behavioral 
theory of space and object perception. Such subtle conditionings 
•which inevitably occur during the icactional hiogr.ipliy of any 
organism can be profitably investigated only by means of a genetic 
approach. The work of Piaget and otlieis on the actiiiisition of 
perceptual and conceptual reactions in the human child finds many 
counterparts in the field of anim.d behavior, and such a field offers 
unlimited opportunities foi further rcscaicli 

Lastly, It may be stated that neither auto-gtoovang noi ^'social" 
or inter-mdividnal grooming (cf. 5, pp 98-101) was exhibited by the 
present subject during the first two years of life. Whcthci such a 
behavioral deficiency was due to the absence of diit and body para¬ 
sites or whether it may be attributed to the lack of opportunity for 
the early acquisition of such a reaction pattern cannot be stated. 
The data nevertlieless cast considerable doubt upon tlic hypotlicsis 
that grooming is an instinctive primate function or that it is de¬ 
pendent upon ncuial or ncuro-inuscular maturniion 
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LE DfiVELOPPEMBNT PENDANT LA DEUXIEME ANNfiE D’UN 

SINGE RHfiSUS {Macaca mulntla) fiLEVP. DANS L’lSOLAPION 
PENDANT LES PREMIERS DIX-HUIT MOIS 
(Risumi) 

Cette etude est une continuation d'unc etude d6jk rapportdc, ct d6cnt Ic 
d6veloppement pendant la deuxi^tne ann6c d’lm singe ilidsua {Mncaca 
mulrttta) ^levi6 dans [’isolation complete dc la m^rc et dcs antres membres 
de I'cspice pendant les premiers dix-hiiit mois, et subsdqiicmmcnt logo nvec 
d’autre^ singes dans les quarliers gdndraux des primates dn labointoirc 
L’auteur appuie sur le besom d'une connaiaanncc ddtaillic dc I'histoue 
psychogfenetique spdeiale ou biographic reacUonnelle d’un animal experi¬ 
mental quelconque employd dans la rcchcrchc du compoitcmcnt. L’nutrc 
partie de I’article discute I’expdricnce clle-mdmc, y compns In dcsciiplion 
du prahlime, I'habilat, le tSyime, et la dtscussion des risultals Quand 
possible, tn ropportc Jes donndcs pertinentes d’.Tuircs invcftigntlons On 
discute les rdsultats sous trois tUrcs principaux, appuynnt surtoiit siir !e 
troisieme 

(1) le dlveloppemeul physique 

(2) le diveloppemeni sensonmteur et Ic liiveloppcme/it simple du 
comportement 
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(3) le developpement comflexe du comporleinent 
La derniire categoric comprend la discussion du comportement de manger, 
la vocalisation, In prehension et la manipulation coordonn 6 cs, les nctivit^s 
du jeu, le comportement 6 motif, le siicement du pouce, les maniensmes, lea 
reactions atiormnles et les restes dea habitudes, le comportement scxuel, les 
rdactions aux autres animau^, lea groupemcnts aociaux, lea principaux traits 
de peraonnalitfi, le comportement perceptif et conceptif, et les soins de 
propret 6 

Non seulement on decnt le diveloppement graduel de ce comportement, 
mats on cssaie de corr^ler ^acquisition des divers syst^mes de reaction avec 
les circonatances stimulantes sp^cialea qui Us a produits Le changennent 
soudain du sujpt d’une situation d'lsolation complete imp 086 e experimentale- 
ment il celui d‘association intime avec lea autres singes rend plus claire la 
nature des m^canismea de comportement & la base 

Foley 


DAS 2WEITE JAHR DER ENTWICKLUNG EINES RHESUSAFFEN 
{MACACA MULATTA), DER WAHREND DER ERSTEN 
ACIITZEHN MONATE IN ISOLIERUNG AUFWUCIIS 
(Refcrat) 

Diese Abhandlung ist erne Forset 7 ung einei fruher berlchteten Unter- 
suchiing und beschreibt das zweitc Jahr der Entwicklung eines Rhesusaflen 
(Mttcaca viulatta), der in vollkommener Trennuug von der Mutter und 
ancleren Mitgliedcrn der Gattung wahrend dei ersten 18 Monate auf- 
wuchs, und dcr mit andercn Allen im Laboratonum untergebracht wurde. 

Der Autor betont die Notwendigkeit einer ausfiihilichen Kcnntnis der 
besonderen psychogenctischen Geschichte oder Reaktionsbiogi aphie irgend 
eines Tieres, das zu experimentellen Zwecken gebraucht wird Der Rest 
der AbbandJiing heschahigt sjcb mit dem eigentiichen Experiment, das 
eine Beschreibung des Problems, Pundortes, Dictat, und eine Eroiterung 
der Ergebnisse enlialt Diesbcziiglicfae Ergebntsse von andeien Expcri- 
menten werden womoglich nngegeben Die Eigebnisse werden untei drei 
Haiiptuberschiften besprochen, mit besondercr Beriicksichtigung der 
dritten 

1 Physische Entwicklung 

2 Sinnesmotor- und einfache Verhaltungsentwickhing 

3 Koraplizicrte Vcrhaltungsentwicklung 

Die letzte Kategone schliesst eine Besprechung des Fressverhaltens, det 
Vokalisation, koordinieiten Ergreifens und dei Handhabung, Spieltatik- 
keiten, affektiven Verhaltens, Damensaugena, Manienertheiten, anormalen 
Rcaktioncn, und Gewohnheitsruckatande, Geschlechtsverlialtungsweisen, 
Rcaktionen auf andere Tiere, sozialen Giuppieriingen, hervorragendcn 
Personlichkeitszuge, Wahrnehmungs- und Vorstellungsverhaltcns, und 
Pflegens ein 

Nicht niir wild die allmahliche Entwicklung von solchem Verhalten 
beschrleben, sondern auch wird der Verauch gemachf, die Erwerbung dcr 
verschiedenen Reaktioiissysteme mit den besonderen Reizungsumstanden zu 
korrelieren, die sie erzeiigt haben Die plotzliche Andcrung des Verauch- 
tieres von eitier auferlegten Situation der vollkommenen Trennung zq 
einer der intimen Assoziation mit andercn Affen erleuchtct die Natiir des 
unterliegenden Verhaltungsmechanismus. 
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THE AGE FACTOR IN REMINISCENCE* A COMPARA¬ 
TIVE STUDY OF PRESCHOOL CHILDREN 
AND COLLEGE STUDENTS* 

From Ihe Depaiimeiil 0/ Ptychology of the Umvnsity of Musaun 


Grace O. McGrocii 


Problem 

In a recent cnticpl review (4) of the experimental litciatiiic on 
reminiscence, a phenomenon there defined as *'tlic improvement in 
the recall of incompletely learned material after an inteival of time 
without intervenient formal relearning 01 review,” it was concluded 
that the relationship between age and icminisccncc Imd not yet been 
established Attention was called to the fact tliat tlic Jesuits of 
those experiments in which appaicnt age differences wcie obtained 
(1, 2) did not justify the conclusion that age is a factoi in icinin- 
iscence since there was a lack of unifoiinity in cxpeiimental con¬ 
ditions with the different age levels, particularly in tlic matcrjals 
learned. Moreover, ‘Williams’ experiment (6), In winch the learn¬ 
ing material was constant, did not throw liglu upon the relation¬ 
ship between age and reminiscence because his published results are 
in terms of the percentage of retention of the group, a etitemn of 
reminbcence demonstrated to be inadequate. 

More recently Liang' found no significant age differences in 
reminiscence in teims of the same criterion, and concluded that “the 
factor of age differences so much emphasized in B.illaid’s .md Wil¬ 
liams’ findings could not be reproduced under moie caicfully con¬ 
trolled conditions so far as the aggregate peicentage of retention was 
concerned.” Liang used two age gioups, 648 children whose aver¬ 
age age was 11 2 years, and 353 college freshmen whose average age 
was 19.5 years, equated degrees of Icaining of Chinese ballad poetry, 
and five intervals, one, two, three, four and five days, For the onc- 
and two-day intervals, however, the percentages of children showing 

•Accepted for publication by CriI Murihison of the lidiiorinl Hoard and 
received in the Eduorial Ofiice, February 14 , 1935, 

.k Liang (3) waa brought to llie wiitcr’i attention 

through the coiirtoay of the senior author oftei the completion of the nresent 
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the young animals were, in effect, blind The older rats used in 
this experiment could obviously see the door at greater distances, and 
so could Client to it ® 

So far tlie discussion has not considered the factor of practice. 
When Phi values (averages for foui animals and successive groups 
of 10 trials) at each age level are plotted as a function of practice 
the curves shown in Figure 6 result.® Neglecting again the 14-day 
group, one discovers that In the case of the younger animals Phi is 
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Learning Curves Showing Average Phi Values or Successive Groups 
OF 10 Trials Each, for Each Age Level 

(These curves arc ba^ed only upon orientations made within four inches 
of the exit door ) 

^Crozier and Fincus repotted "seeking of the dark’’ even in hooded rata 
under 14 days of age (after the eyes had been aitlficially opened) The 
expeiimentcr has enucleated both eyes of a 14-day-old hooded rat, and 
found no discernible cloudiness of the media Such eyes formed clearly 
recognizable images of a lighted window at a distance of 10 feet This 
marked difference between the eyes of the young albino rat and those of 
the young hooded rat, if typical, quite readily account for the differences 
between the behavior of Crozier and Pincus’s animals and that of the 
animals used in the piesent study 

®The curves shown in Figure 6 are based only on behavior occurring 
within four inches of the door, since in this region one can be certain that 
most of the animals were not "blind” The rises in the curves follow the 
rest peiiods 
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originally quite high, falls sharply, but docs not reach the low level 
attained by the older animals. The older animals, moreover, start 
with Phi values far loivor than those whicli chance orientations 
would yield, and reach m the ease of the I9-ilay-old animals a level 
of 5*. This last value is well within the lanRC of tolciancc provided 
by the angular magnitude of the door at the distances under con¬ 
sideration In general, these curves imply that tire older animals 
needed little practice for superior orientations, that whatever tlicy 
needed to learn was learned during the first few trials. 

Just what the animals had to learn is a most important problem. 
If only the behavior of the 19-day-old animals is considered, one can 
be fairly certain that failures to orient do not result from cloudy 
ocular media; rather can such failures be asciibed to one or both of 
lujo factors: (1) lack of training regarding tlie exit-significance of 
the visual cue afforded by the exit door and half-cylinder , and (2) an 
inability to orient to the door, once its exit significance had been 
learned. In making a test of any theory which asserts the necessity 
of specific and lengthy practice for accurate orientation, one must 
decide upon the relative importance of the first factor during the 
behavioral changes observed. Consideration of certain details of the 
behavior of the 19-day-Dld animals during the first few tnaK permits 
one to draw rather definite conclusions regaiding this point. 

In Tables 1 to 4 are included data taken from the iccord slicets 
described above, data which show the sequences of paths foimed by 
the oldest animals m their first attempts to escape from the oiicnta- 
tion, box, In each first column the number of the trial is given The 
second column contains the distances (tn inches—and sixteentlis of 
an inch) from the center of the exit door, at which a given path 
began (Cf. the abscissae of Figure 5) The third column gives the 
Phi value for each path (Cf. the ordinates of Figure 5). And 
finally, the fourth column shows the distances in inches of the points 
of first contact with the wall of the orientation box from the center 
of the exit door (Cf. the abscissae of Figure 2) Thus, in Table 1 
one may observe that during the first trial Rat £3-19 departed from 
the starting-box alley along a path winch began at a distance of 12-0 
inches from the center of the exit door, this path having a Phi value 
of 13 I the first contact with the wall of the orientation box occurred 
at a (circumferential) distance of two inches from the center of the 
exit door In the second trial the same animal fiist assumed (at a 
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TABLE 1 


Behavior 

ScQUENcrs or Rat 

E3-19 During the First 

13 Trials 


Distance of 


Distance 


origin of 


(around the 


initial (or 


clrcumfei ence) 


coi reeled) 

Phi value 

of Hist contact 


path 

of initial 

with wall 

Trial 

from centei of 

(or corrected) 

from center of 

No 

exit door 

path 

exit door 

1 

12-0 

13 

2 

2 

12-0 

105 



12-0 

2 

0 

3 

12-0 

45 

14 

4- 

9-12 

8 



5-1+ 

12 

0 

5 

12-0 

30 

30 


9-0 

46 



6-S 

0 

0 

6 

12-0 

23 



5-8 

1 

0 

7 

12-0 

3 

0 

8 

12-0 

101 

26 

9 

12-0 

90 



12-0 

3 

0 

10 

12-0 

20 

6 

11 

12-0 

4 



6-0 

2 

0 

12 

12-0 

2 



8-14 

3 

0 

13 

12-0 

1 



6-12 

5 

0 


distance of 12 inches from the dooi) a path having a Fhi value of 
105“, but at the same distance formed a new path (Phi=2'’) such 
that its first contact was at the exit door. In Tiial 4 the same 
animal assumed (at a distance of 9^ inches from the door) a path 
having a Phi value of 8°, and moved along this path to a point 5 
and 14/16 inches from the door, wheie it foimed a new path having 
a Phi value of 12“ which in turn permitted it to make the first con¬ 
tact with the exit door 


simple geometrical diagram will demonstrate to the rcaclei that 
iinJess the animal orig-mally pursued a path whose Phi value equalled 
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BEHAVIOR. 

TABLE 

SEOUCNCEs or Rat f6-19 

2 

DoRiNi, niF First 

12 I'lUAI 3 

Trial 

No 

Distance of 
of 

initini (or 
corrected) 
path 

from center of 
exit door 

PIij value 
of initial 
(or torrefied) 
path 

Distniicc 
(around the 
circumference) 
of first contact 
with xvall 
from center of 
exit door 

1 

12 0 

160 

34 

2 

15-0 

100 

24 

3 

12-0 

9 

0 

4 

9-12 

3 

0 

5 

8-4 

22 

1 

6 

12-0 

40 



9-0 

3 

0 

7 

11-+ 

109 

24 

g 

12-0 

30 



8-4 

2 

0 

9 

13-0 

67 



9-2 

4 

0 

10 

12-0 

5 



6-14 

3 

0 

11 

9-14 

2 

0 

12 

12-0 

103 

18 


Consideration of the other trials shown in Table 1 iiulKiites that, 
in nine out of the first 13 trials, Rat £3-19 touched the exit door 
before it made contact with any other part of the wall of the oricn* 
tation box (Cf the zeros in the (oiiith column). Recalling the 
controls present in the experimental proceduic, one can only conclude 
that these early responses represent orienLations mediated by eido- 
scopic vision. The moderately successful orientation appearing in 

zero (that is, unless the animal started out directly for the center of the 
exit door), and if it adhered to a given path, the long axis of its body 
would have formed progressively larger angles with the shortest route to 
the door from any given point on the path. Ilcncc, in order to reach the 
exit door any animal generally had to reorient na it enme closer to the 
wall It 'will be noted in Tables 1-4 that within certnin given irinU Phi’s 
do not necessarily decrease with reorientation at shorter distniices from 
the door, that state of affairs is made possible by the fact implied by 
Footnote 6 (the present study), namely, that at shorter distances the 
animals could deviate more from the center of iKc door and yet make the 
first contact with some part of the door. 
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TABLE 3 


Behavior 

Sequences of Rat E2-19 

During the First 

12 Trials 


Distance of 


Distance 


origttt of 


(around the 


inittnl (or 


circumference) 


corrected) 

Phi value 

of first contact 


path 

of initial 

with wall 

Trial 

from center of 

(or corrected) 

fi om centei of 

No 

exit door 

path 

exit door 

1 

12-0 

100 

36 

2 

12-0 

22 



10-8 

141 

28 

3 

12-0 

29 



8-14 

23 

4 

4 

11-2 

22 



9-2 

25 

2 

5 

12-0 

64 

14 

6 

12-0 

100 

32 

7 

lO-O 

21 

4 

IS 

12-0 

60 

16 

? 

12-0 

62 



10-14 

36 



6-12 

98 

8 

10 

12-0 

135 

32 

11 

12-0 

60 

16 

12 

12-0 

19 



5-2 

3 

0 


the fiist trial may have been accidental, but one can hardly regard 
the othei perfect ones as being due to a chance combination of fac- 
tois Glancing rapidly down the third column of Table 1, one may 
detect what appears to be a progressive reduction of Phi with 
piactice However, considering the distances (m the second column) 
one notes that, even in the first tiials, paths assumed at short dis¬ 
tances resulted consistently m successful orientations The most 
marked reduction in Phi occurred at the greater distances. Consid¬ 
eration of this last fact, and of the additional one that at distances 
of 12-0 inches the animal was almost always in contact with the 
starting box, leads to tlie conclusion that during practice the effective¬ 
ness of the starting box as a thigmotactic stimulus progressively de¬ 
creased But even in the earliest trials, once contact with the 
starting box was broken, visual orientations of a high degree of 
accuracy were possible. 
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TABLE 4 

Uprawor Seouewces oi Rat El-19 Durino the Firsi- 10 Trials 

Trial 

Nq. 

Distance of 
on/fiii of 
mill III (or 

corrected) 

path 

from center of 
exit door 

Phi vahic 
of initial 
(or roi reeled) 
path 

Distance 
(nrouiul the 
circumference) 
of first contact 
with wall 
fi om center of 
exit door 


9-8 

105 



9-8 

13 



9-8 

26 

6 


12-0 

54 



8-8 

17 

2 

3 

13-0 

13S 

42 

4 

12-0 

71 



ll-O 

90 



12-0 

180 

40 

5 

12-0 

63 

12 

6 

12-0 

30 



7-10 

32 

2 


12-0 

C 



8-4 

18 



4-12 

7 

0 

7 

12-0 

170 



16-0 

8 



6-6 

2 

0 

% 

U-0 

72 

18 

9 

12-0 

13 



d-6 

0 

0 

10 

12-0 

ao 

10 


The contents of Table 2 (Rat F6-19) lead to similar conclusions 
In addition it is interesting to note that the animal either contnctcc! 
the wall at the door, oi at a distance of at least 18 inches from the 
door; the sole exception to thb rule appears in Trial 5. The 
behavior of several of the younger anunals had this same ‘'all-or- 
nonc” character, such animals cithei approached the dooi o\—^to all 
appearances—reacted on the basis of some othei cues Trials 1 and 
2 m Table 2 indicate the type of bchavioi manifcslccl by an .miin.il 
untrained in regard to the exit-significaiice of the dooi 
If the contents of Tables 1 and 2 can be taken ns indications that 
cidoscopic orientation as defimwl by Phi does not have to he learned, 


DEVELOPMENT OF PERCEPTION I VISUAL DIRECTION 137 


those of Table 3 (Rat £2-19) indicate that some animals must 
learn to reorient after running some distance along an assumed path. 
This animal began to show perfect orientations by the end of the 
seventeenth trial, so that 50% of the trials that followed yielded 
first contacts at the exit door. 

Table 4 (Rat £1-19) shows again the decrease in Phi at distances 
at which the animal is m contact with the starting box Low Phi’s 
at short distances are piesent in the first five trials, and appear more 
often in the later trials as the decreasing efFectiveness of the thigmo- 
tactic stimulation from the starting box enabled the animal to 
reorient during more accurate inithol orientations 

To summarize Successful and fairly accurate orientations at short 
distances appear during the first five trials of three of the animals 
at a frequency for which one could not account by assuming a for¬ 
tunate combination of cimnee factors The prevalence of such 
beiiavior constitutes evidence that the animals began their attempts 
to reach the door with a highly developed behavioral mechanism 
for running towards the door, and that they did not have to pass 
through an extended period of trlal-and-crror behavior in order to 
reduce Plu by any appreciable amount Practice probably did reduce 
the effectiveness of the tliigmotactic stimulation which generally 
occuiied during the assumption of the initial path The behavior of 
one of the animals suggests also the possibility that practice led to 
more timely conections of an error created by continued locomotion 
along a given path. Two of the animals learned quite rapidly the 
exit-significance of the visual cue 

If in some way eidoscopic orientation as measured by Phi did have 
to be leaincd, that learning process was either too rapid or implicit 
to be detected by the method of analysis described in the present 
article Plowever, the analysis of the behavior of the 19-day-old 
animals during their first 10 to 13 trials in the orientation box 
indicates clearly that these animals were capable of quite accurate 
eidoscopic orientations, without having had beforehand practice speci¬ 
fic to the total behavior in question. 

One age difference disclosed by the present study lies in the more 
rapid locomotion manifested by the older animals used Average 
maximum velocities attained during successful trials were 8 9, 10 2, 
9 8 , 11 3, 13 2, and 13 0 inches per second at ages 14, 15, 16, 17, 18, 
and 19 days respectively. Thus, at 19 days velocities were attained 
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which were almost one-half again as laige as those attained at 14 
days 

It was thought in addition that older animals would be able to 
maintain higher running speeds while changing the diicction of their 
locomotion on the basis of the localized visual cue. Tlic minimum 
velocities (average) appealing in successful trials at regions in 
which new paths were assumed wcic 4.0, 4.7, 5 0, 8.0, 9 2, .ind 8 3 
inches per second for the respective ages from 14 to 19 days.^^ 
Subtracting the minimum velocities from tlie maximum velocities 
given above yields the following decelerations for reorientation at 
the age levels from 14 to 19 days: 4.9, 5,5, 4 8, 5 3, 4.0, and 4.7 
inches per second Thus there tends to be it anything only a slight 
drop with increasing age. When these decclerattons arc expressed 
as percentages of the corresponding maximum velocities attained 
there is, as one would expect, a decrease with increase in age. For 
ages 14 to 19 days respectively the percentages are; 55.0, 53 9, 49.0, 
46.9, 30,3, and 36 2. 

One may conclude that older animals attain greater maximum 
velocities while running; and that they maintain greater velocities 
and need to decelerate less in proportion to maximum velocities at¬ 
tained, while reorienting to a localized visual stimulus. 

Summary 

1 Apparatus for the investigation of non-tropis-tic visual orienta¬ 
tion (“eidobcopic orientation*’) in the young albino rat is described. 
Illumination is used simultaneously for vision, photographic record¬ 
ing, and motivation. 

2. A measure (Phi) of the eldoscopic orientation of the total 
organism is defined and applied to the orientations of 22 albino rats 
between the ages of 14 and 19 days 

3. Without previous practice in such behavior 19-day old albino 
rats orient within an average error of 20“, after a few trials the 
average performance drops to 5°. Detailed consideration of the 

‘ It la interesting lhat the most marked rise in minimum velocity occurs 
between 16 and 17 days (50 to 80 inches per second), or during the 
interval m which the last cloudiness of the lens dlsappenra, One might 
conclude that clear vision outside the region of fixation is related in some 
way to the speed of response during eidoscopic reorientation, however, a 
marked increase m locomotor ability might also contribute to such a change 
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initial trials of tliese animals leads to the conclusion that the learn¬ 
ing concerns primarily the acquisition of exit-significance by the 
critical stimulus, and not the giadual reduction of the error of 
orientation by a laborious tnal-and-error process. 

4 Youngei animals aie capable of visual orientations the accuracy 
of which IS greatly reduced by remarkable infeiior distance vision, 
and by the consequent difficulty with which the exit-significance of 
the critical cue is learned 

5 The inferior distance vision of the younger animals is most 
probably related to a cloudiness of the optic media, which tends to 
disappear completely by the time the albino rat is 16 or 17 days old. 

6. Older animals can attain greater maximum velocities than can 
the younger ones, and can maintain greater velocities while leorl- 
enting with respect to a localized visual stimulus. 
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LE DEVELOPPEMENT DE LA PERCEPTION. I LA DIRECTION 
VISUELLE; LES PREMIERES ORIENTATIONS EIDOSCOPIQUES 
DES RATS BLANCS 
(R^sumi) 

Lea orientations dans Fespace dc jeuncs rats blancs aynnt les yeux ca- 
pables dc former les images (yeux eidoscopiquea) different des orientations 
tropiques des rats ayant les yeux non encore ouverts (yeux euthoscopiques) 
Des images cm^mntographiques du comportement de 22 rats blancs ayant de 
14 fl 19 jours demontrent que de tela animaux sans experience pr^c^dentc 
peuvent faire usage de la vision eidoscopique pour s’oricnter en rapport 
avee un stimulus circonscrit Une measure (Phi) de la prdcision de ces 
rapprochements montre, pendant les premiers 10 esaais d’animnux ayant 
19 jours, line erieur moyenne dc 20” Apres 10 niitres essnis cette erreur 
est reduite £l 5” Cependant, une inspection des rdsiiltats individuels montre 
que par la pratique les animaux apprenent actuellement la signification du 
stimulus crucial, et de plus que la pratique speciiique n’est pas neccssaire 
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pour ['orientation prkise Les milieux dioptriquea dea rats blancs qm ont 
moina de 17 jours sont nebuleiix, tie sorfe qiie Icux vision et leur orientation 
eidoscopique aont aiiceteea par la distance Leg rats plus vieux non 
seuleraent peuvent s'onenter i une distance plus erandc, inaig nussi peuvent 
arriver k line locomotion plus rapide, et peuvent innintcnir line vitcsac plus 
grande pendant leg reorientations cidoscopiquea 

Turher 


DIE ENTWICKLUNG DES AUPFASSENS* I. DIE SEIIRICIITUNG; 

DIE FRIIHESTEN EIDOSKOPISCHEN ORIEN'I'IERGNCEN 
BEI DER WEISSEN RATTE 
(Referat) 

Die raumlichen Orientierungen bci den juogen weisscn Ratten, Jle die 
bildformenden (dh,, eidoskopischcn) Augen haten, weichen von den PhoLo- 
tropismen der Ratten ab, die noch geschlcsaene (d.h., euthoskopische) Augen 
habei). Ergebslsse, die aus der kmemati^rjiphjschen Pcobachtimg von 
zweiundzwanzig 15 bis 19 Tage alien weissen Ratten ge^ronnen wurden, 
zeigen, dass solcbe Tlerc ohoe vorhergehende Dressur fdhig sincl, das 
eidoakopische Sehen fur die Lokalisierung und Annnherung cincs ein* 
geschrankten Reizes zu verwenden. Einc Messung (Phi), die die Gcnaiiig- 
keit $o)cher Annaherungeji dantelien so)], weisgt wnhrend der ersten 10 
Versnehe cinen mittlercn Fchler von 20" auf Nncli 20 Versueben wird 
dieger Pehler gleich 5" Indesaefl zeigt eine Untcrsucluing der einzclnen 
Versuchsergebnisse, dass eine Erfahning der Bcdciitung des Ilauptrcizcg der 
hauptsichliche Inhalt der Dressur ist, und ferner, dass die gpezifigehe 
Dressur fur die genaue Orientierung nicht notig ist Die Augcnnicdicn der 
weissen Ratten, die weniger als 17 Tage alt sind, sind -wolkig, so dasg dns 
Fernsehen und die eidoskopische Orienticriing untcr dieser Deschrankung 
leiden Die aiteren Ratten sind nicht nur in der Lage, sjeh in grosseren 
Enifernungen besser zu orientieren, aondprn auch grosscre Geschwindig- 
keiten wahrend der O/tsvcrnnderuQgcn zu crreicben, aowie auch wnhrend 
der eidogkopischcn Wiederorientlerungen grosscre Geschwindigkcitcn zii 
erhalten. 


Turner 



POSSIBLE GENETIC RELATIONSHIPS AMONG 
QUINTUPLETS* 


Norma V Scheidcmann 


The recent aiiival m Canada of five infants at a single butli is 
attiacting a populai, world-wide interest, for it is estimated that 
quintuplets are boin only once in 57,000,000 deliveries This mul¬ 
tiple birth IS phenomenal—accoidmg to medical lecords it has not 
occuired anywheie in the civilized woild during the last foitv-five 
yeais and only thiitv-thice times since 1694—but even moie le- 




FIGURE I 

The Dionni Quinfupicts at Eight Months of Acf 
(Coiiitesv ot NEA Setvicc, Inc) 


‘^Accepted foi inihlicfitiui) bv Cail MurcUisnu uE the Echtoiul Dunid, and 
leceived in the Editoual Office, Dtcembei 27, 1934 
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mai table is the fact that all the infants have survival an appieciahle 
period of time. No previous set has survived nimc than fifty min¬ 
utes. 

Should these children continue to live it will he but a matter of 
time before many speculations will be advanced in rejraid to thcir 
possible genetic relationships Siinilaiitics and ilissiniilantics, both 
normal and pathological, will be investigated as bases for assump¬ 
tions. Many conclusions will be presented that will he of question¬ 
able value since even our best methods of gathering pcitinent data 
are crude In general, the simplicity of the conclusions will be m 
inverse proportion to the fineness of the units of mcasuics utilized 
Moreover, many investigators will lose sight of the fact that our 
present knowledge of the genesis and iclationship of multiple off¬ 
spring IS pnnxanly thcocctical, is vciy limited, and is chaiactciizcd 
by convenient simplicity 

The literature on the subject of multiple births is devoted largely 
to the process of twinning, since in other foims the twinning piocess 
is repeated either simultaneously or in rapid succession It is \ccog- 
nized that the findmgs in the ense of twins arc applicable to other 
forms of multiple births, but there is a tendency to intcrpict all 
forms m terms of the simple twin theories. How complicated the 
genetic relationship of quintuplets mav be, may not be realized uind 
we are confronted with a graphic picscntation of the vniious modes 
of genesis and of Iciiihzaiion resulting in (iiuntuple oftspnng, and 
then deducting the various types of relationship from the giaphs. 

In the case of twins, two general types commonly me recognized, 
single ovum (monozygotic) and biova (dizygotic). IMonozygotic 
twins often are refeircd to as duplicate or identical, since they are 
found to be very much alike; their gciicMs is thought to be a single 
ovum fertilized by a single spermatozoon Dizygotic twins, called 
sibling or fraternal, are not found to bear as close resemblance as 
the monozygotic The resemblance usually is closer than that of 
siblings of different ages since contemporaneous spciniatozon and 
ova perhaps are more alike than those developed at different times 
Dizygotic twins are thought to originate from two ova fertilized 
by two spermatozoa 

Koch (11, 12) made a study of a pair of Siamese twins who, 
because of the nature of their conjunction, evidently icpiescntcd 
an incomplete organic separation rathei than a fusion of dispaiate 
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individuals Sucli twins commonly are considered identical and 
doubtless they are of uniovulai origin Howevei, in the par¬ 
ticular pair studied it was disclosed that, despite many marked sim¬ 
ilarities, differences in physical and mental traits were quite apparent. 
These findings suggest that uniovular twins aie not always wholly 
identical, 

In measuring fifty paws of unselected public school twins, Thorn¬ 
dike (22, p 44) found their resemblance to be approximately .80 
in amount Ranking all these twin pairs according to their degree 
of resemblance resulted m a cuivc (Figure 2) that led the m- 
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FIGURE 2 

Distridotion or Resemblance Curve of 50 Pairs oi Tivins 
(From Thornkilce, 22) 

vestigator to question whether twins represented two distinct modes 
of fertilization and genesis. Instead of a bimodal curve, the ciiive 
showed a gradual grading from the closest likenesses to notable dif¬ 
ferences Moreover, the twins most identical m some respect were 
found to be less like eacli other than ordinary siblings 
In regard to the extent of similarity in biovular twins Danforth 
says* 

It may be assumed that biovular twins will on the whole 
resemble each other to a degree about equal to the average for 
all children of the same family In individual sets the degree 
of resemblance will vary widely, since the possible combina¬ 
tions of traits from the maternal and paternal germ plnams 
are very many.* It is conceivable that occasionally (with our 
population and birth rate, perhaps once in eight or ten years) 
a pair of biovular twins would be born with identical germ 
plasms More frequent should be biovular twins differing m 
only one chromosome, and progressively more frequent the pairs 
differing by larger and larger degrees until the average of 
fraternal resemblance is reached Then progressively less fre¬ 
quent should be pairs differing to increasing degree below the 
frateinal average (6) 

’On the assumption that chromosomes maintain their individuality and 
that "crossing over” does not occur, there would still be no less than A,096 
possible kinds of germ cells to be produced bv a given individual of either 
sex [Danforth’s footnote] 
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Biologists have presented various modes of monozygotic twinnings. 
Thus Newman (15, p 131) says that there are three, namely: 

], Fission of the blastoderm, 

2. Double gastrulation, and possibly 

3 Complete fission of the bilateral halves of a single embryonic 

JLxh, 

Williams (8, p. 425> recognia:es fom possible ways in which 
single-ovum twins may be produced: 

1. Fertilization of two polar bodies, 

2. Premature separation of one or more blastomcres from a 
segmenting ovum, 

3. Cleavage of the embryonic area, and 

4. Double gastrulation of the blastodermic vesicle. 

A retarding agency m the development of the fertilized egg com¬ 
monly is considered conducive to the twinning phenomenon. Tlirec 
possible retarding agents are cited by Newman (15, pp. 133-134) 
as follows: 

1 U'uderjtjmn/an’on o/ the egg due to some deject in the (level- 
opmeni-mliating ?nechan(siii of the spenih Davenpoit's findings in¬ 
dicated that twinning is inherited rather strongly in the male line. 
Newman indicated that only one-egg twinning could be inherited 
through the male line, for twinning as a result of this factor could 
be possible only in the case of monozygotic twins, since dizygotic 
twinning is a phenomenon of ovulation and docs not involve the 
male. An understimuUtcd ovum would be retarded and conse¬ 
quently would undergo belated fission; the degree of retardation 
would determine significant consequences. 

2 Belated placentalton due to failuie of the corpus Inteum to 
stimulate the uterine mucosa. According to Newman some “pliysi- 
ological discodrdination between the various intricately interdepend¬ 
ent factors responsible for implantation of the ovum” arc involved in 
this situation. The ob)ection that a given mothei always would 
produce twins, since presumably the same mechanism would persist 
throughout reproductive life, is met by the suggestion that perhaps 
single offspring from parents exhibiting one-egg twinning are not 
true single offspring, but represent survivors of pairs of twins, others 
of which succumbed to hazards pertinent to one-egg twinning. 
Newman considers this the least objectionable theory of twinning 
in man. 
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3, An herediimy chaiQcitT dependent upon a recessive gene, A 
temporary “period of quiescence," caused by a gene acting as a 
growth-retarding factor, may result in a belated placentation and 
in turn m twinning. Twinning, according to this theory, could be 
transmitted as readily thiough the female Ime as through the male 
Some of the zygotes, in the case of parents heterozygous for the 
twinning gene, would be monozygous for the character and twin¬ 
ning would result. Single offspring could occur also in such matings. 
This gentle theory of twinning is regarded as being rather fantastic 
by Newman, but in view of Davenport’s findings Newman does 
not wish to exclude it as one of the possibilities. 

In general, all theories of twin genesis may be grouped into four 
categories, namely, those pertaining to 

1. Ovulation and sperm maturation, 

2, Fertilization, 

3 Ovum fission, and 

4. Chromosomal characters. 

The causes and inodes of ovum fission aie covered by Newman’s 
and Williams' theoues presented above Davenport’s findings have 
been cited to suppoit ovum segmentation as a result of chromosomal 
characteiistics In these theories fertilization is taken to be the 
result of a single spermatozoon uniting with a single ovum (except 
WilUams’ theory of fertilization of two polar bodies which neces¬ 
sarily would require two spermatozoa). 

A chromosomal theory, othci than a growth-retarding gene, may 
account for additional modes of multiple genesis. During the series 
of cell divisions, the chromosomes of sex cells divide longitudinally 
by the typical process of mitosis and letam their number through¬ 
out In the case of quintuplets possibly this mitotic division is a 
quintuple division (due to a recessive gene, stimulating mitotic 
division), not m one of 57,000,000 fertilizations (incidence of quin¬ 
tuplets), but in one of 17,442,000,000 cases (if all types of quintuple 
genesis cited below occur about equally) Quintuple longitudinal 
division would result in five sets of cliiomosomes so that a five- 
nuclear formation would be possible in both the male and in the 
female cells Gesell indicates this possibility of multiple mitotic 
division. 

Wc must recognize the indisputable occurrence occasionally 
of an ovum with double germinal vlaicle (two nuclei) Boveri 
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has suggested Ae additional possibility—aclualiy ilcmonstraled 
on eggs of sea-urchins and bees—that n sperm may occasion¬ 
ally unite with only one lialf of a precociously divided ovum, 
lea-ving the other half to develop pnrthenogcnetically (Dan- 
forth). (8, p 425) 

It IS possible for an ovum to be penetrated by ivjo spermatozoa 
This does not happen customarily. That it docs liapi^cn infre¬ 
quently, however, is indicated by Holmes. 

Eggs frequently exhibit n curious reaction which prevcnia 
them from being entered by more than one sperm The first 
sperm cell that succeeds in penetrating into tl'e egg cytoplasm 
Btimulatca it W undergo a change at the surface, wliicli prevents 
other sperms from gaining entrance. Were it not for this deli¬ 
cate and rapid reaction, eggs might be fertilized by several 
sperm celli When this occurs, ps it does under eixceptionnl 
circumstances, it frequently leads to nbnormnhtics o£ develop¬ 
ment (9, pp 155-157) 

When the “exceptional circumstances*' Include a fivc-nuclcar ovum, 
the simultaneous penetration of five spcimatozon may cause no 
abnormality of development other than five well-formed offspring— 
uniovum-quintuplc-spermatozoa quintuplets. Should but one spcim- 
atozoon penetrate a multiplc-nudear ovum, only one nucleus could 
be developed. 

Furthermore, it must be recognized that possible quintujilet rela¬ 
tionships may be multiplied according to the relationsliip of t)ie 
fertilizing male cells In the female scx-ccll, cell division is very 
unequal so that only one large cell mature*: and three small polar 
bodies, formed by reduction division, soon disintegrate without tak¬ 
ing part in development The cell division in tlie case of the male 
cell is equal and takes place twice so that four spermatozoa result 
from the maturation of a single male germ-cell (Figure 3). Since 
these four germ-cells arc derived from the same single cell, they 
may be considered “identical.” According to current views the 
four germ-cells are comprised of two sets of two identical cells, 
that IS, only cells and their polar bodies are considered identical. 
However, the four mature cells that are derived from a single cell 
are of identical structure and may well be consideicd identical 
These four cells, moreover, may be in closer juxtaposition and may 
have equal characteristics of virility and attmetabihty to the same 
or to several gcrm-cells of the opposite sex Thus, multiple off- 
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-germ celKfemale) 

--first polar body 

division of first polar body 

-second polar body 

~ - -mature ovum 

FIGURE 3 


Diagram Showing the Genesis of the Ovum 
(After T Voven) 

A similar diagram in which all the daughter cells are of equal size would 
illustrate the genesis of four spermatozoa 


spring may be paternally identical or patcrnallv sibling according 
to whether they are fertilized by identical or by sibling spermatozoa 
respectively. Likewise, offspring may be maternally identical or 
maternally sibling according to whether they are developed from 
identical or from sibling ova respectively 

In order to analyze all possible relationships among quintuplets 
it may be expedient to list all possible types of spermatozoa and 
ova that may be the genesis of quintuple offspring. Table 1 pre¬ 
sents these respective types 

The various possible modes of fertilization of each of these germ- 
cells are graphed in FSgure 4. The particular occurrences of 
mitosis are not designated iii this schema; they are so obvious that 
the reader will readily understand where they take place. This 
figure indicates that there aic 206 possible modes of fertilization 
of germ-cells giving rise to quintuplets These modes do not dis¬ 
criminate between types of monozygotic twinning enumerated above, 
nor do they include the theory of polar-body fertilization presented 
by Williams, nor do they include possible alternate successive divi¬ 
sions m seveial cases 

It may seem reasonable to infer that a later fission of the fertil¬ 
ized ovum may icsult in a greater similarity among multiple off¬ 
spring than an earlier fission. Since this can not be presented 
expediently in scliema only pre- and post-fertilization divisions are 
consideied The fertilization of a polar body is not considered since 
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TABLE 1 

TYPES OF Germ-Cells That Mat Be Possible Genesis or Quintuplet 

Offspring 


Male 

Female 

1 sperm 

I ovum 

2 sib. sperms 

2 sib ova 

2 Men sperms 

2 iden ova 

3 sib, sperms 

3 sib ova 

3 Men sperms 

3 iden ova 

4 sib. sperms 

4 sib. ova 

4 Iden sperms 

4 iden ova 

i sib. sperms 

5 sib. ova 

5 Men sperms 

5 iden ova 

1 slh, 2 iden. sperms 

1 stb, 2 iden ova 

1 sib, 3 iden. sperms 

1 aib, 3 iden ova 

1 sib, 4 iden sperms 

1 aib, 4 iden. ova 

2 sib., 2 iden sperms 

2 sib, 2 iden ova 

2 sib, 3 idea sperms 

2 sib., 3 iden. ova 

3 lib, 2 iden. sperms 

3 sib., 2 iden. ovn 

1 5-nuc sperm 

I 5-nuc. ovum 

1 4-nuc. sperm 

1 4-nuc ovum 

1 3*nuc, sperm 

1 3-nuc. ovum 

1 2-nuc. sperm 

1 2-nuc ovum 

1 4*nuc, 1 sib. sperma 

1 4-nuc, 1 sib. ova 

1 4-nuc, 1 Men sperms 

1 4-nuc., 1 iden ova 

1 j-nuc„ 1 sib sperms 

1 3-nuc, 1 sib ova 

1 3-nuc., t iden sperms 

1 3-nuc., 1 Men. ova 

1 3-nuc., 2 sib. sperms 

1 3-nuc, 2 sib ova 

1 3-nuc., 2 idea, eperms 

1 3-nwc, 2 iden. ovn 

1 3-nuc,, 1 2-nuc sperms 

1 3-nuc., 1 2-nuc ova 

1 3-nuc., 1 Men, 1 sib. sperms 

1 3-nuc, 1 iden., i aib. ova 

2 2-nuc sperms 

2 2-nuc. ova 

2 2-nuc., 1 sib. sperms 

2 2-nuc, 1 sib ovn 

2 2-nuc, 1 idea sperms 

Z 2-nuc, 1 iden. ora 

1 2-nuc., 1 sib sperms 

1 2-nuc, 1 Bib ova 

1 2-nuc, 1 iden. sperms 

1 2-nuc, 1 iden. ova 

1 2-nuc., 1 iden,, 1 sib, sperms 

1 2-nuc., 1 iden, 1 sib ovn 


a pre-fertilization division of ovum offers all the possibilities of a 
mother cell and a polar body. Moreover, a divided unfertilized 
ovum might be more susceptible to fertilization and development 
than a polar body, since sufficient cytoplasm may be provided for 
each division m contrast to the linnited amount of cytoplasm sup¬ 
plied a polar body. However, if the reader wishes to include the 
possibiltties of fertilized polar bodies he may bear in mind that the 
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pOMlBLE 


TABLE 2 ^ ^ 

Quintuplet Relationships Accordimq to Germ-Cem Genesis and 
Fertilization 


Genesis 


Hclationsliip 


1. 1 ovum , .. 

1 S then S ^ lucn* 

(Divisions may be either simultaneous or successive) 
II 2 sib ova 
X 2 8ib S, 1 4 
I 2 sib, S. 1 J, I -2 
X 2 iden S, 1 4 
X 2 iden S, 1 3, 1 2 


4iden.; 1 sib. 

I set 3 iden , 1 set 2 iden. 

4 iden , 1 pat. iden, mat sib 
1 set 3 iden , 1 set 2 iden Each set 
pat. iden, mat aib. to other set 


III, 2 iden. ovn 
X 2 iden S, 114 
X 2 iden, S, 1 'i, 1 
X 2 8ib. S, 1 4 
I 2 sib S, 1-3, 12 


S iden 
S iden 

4 iden., 1 pat, aib, mat iden. 

1 set 3 iden , 1 set 2 iden Each set pat 
sib mat iden to other set 


IV, 3 sih 
X 3 sib. S, 1 3 
X 3 sib S, 2 2 
X 3 iden S, I 3 
X 3 iden S, 2:2 


X t alb. and 2 iden, S, 1.3 

X 1 aib. and 2 iden S, lt3 

X 1 sib and 2 iden S, 2*2 


X 1 sib. and 2 iden S, 2 2 


3 iden,, 2 sib 

2 sets of 2 iden , 1 sib 

3 iden ; 2 pat iden, mat sib 

2 sets of 2 idcn.; 1 pat Iden., mat sib, 
Each set pat iden,, mat sib. to re¬ 
maining 3 

3 iden ; 2 pat >den, mnt, sib 

3 iden , 1 sib , 1 mat sib, pat iden 
to the idcn, pat sib to the sib 

2 sets of 2 iden , 1 mat sib, pat idcn 
to one set of idcn, and pat. sib, to 
other set 


V. 2 iden, ova 
X 3 sib S, 1.3 
X 3 aib. S, 2 2 


X 3 iden S, 1 3 
X 3 iden S, 2 2 
Yl 4 sib o-va 
X 4 sib. S, 1,2 
X 4 iden S, 1 2 
X 1 sib and 3 iden .$,12 

X 1 sib and 3 iden S, 1 2 

X 2 sib and 2 iden S, I 2 

X 2 sib and 2 iden. S, ItZ 


3 iden,, 2 pat aib,, mat idcn 

1 pat sib, mat, idcn.; 2 set of 2 idon, 
each set pat sib, mat idcn to re¬ 
maining 3. 

5 iden. 

5 iden 

2 iden , 3 sib 

2 iden,; 3 pat iden, mnt sib. 

2 iden ; 3 pat. idcn, to each other and 
pat, sib to (he idcn, mnt sili 

2 iden , 1 sib , 2 mat sib,, pat iden to 
idcn and pnt sib to sih 

1 sih , 2 iden., 2 pat idcn to each 
other, mat sib to all others 

2 sib , 2 iden.; 1 mnt sih., pat iden to 
one set of idcn, pat sii) to other set 
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TABLE 2 [Continued) 

Genesis Relationship 


VII 4 iden ova 
X 4 sib S, I 2 
X 4 iden S, 1 '2 

X 1 8ib and 3 ulen S, 1 2 

X 1 sib and 3 iden S, 1 2 

X 2 sib and 2 ulen S, I 2 


X 2 sib and 2 ulen, S, 1 2 

VIII S sib. ova 
X 5 sib S 

X S iden 8 

X 1 sib and 4 iden S 

X 2 sib and 3 iden S 

X 3 sib and 2 iden S 

IX 5 iden ova 
X 5 aib 8 

X 5 iden S 

X 1 sib and 4 iden S 

X 2 sib and 3 iden S 

X 3 8ib and 2 iden, 8 

X, 1 sib and 2 iden ova 

X 3 sib, S, 2 2 


X 3 sib S, 2 2 
X 3 iden S, 2 2 

X 3 iden S, 2 2 

XI 1 sib and 3 iden ova 
X 4 sib S, 1 2 

X 4 sib S| 1 2 

X 4 iden, S, 1 2 

X 4 iden S, 1 2 

XII 1 sib and 4 iden. ova 
X 5 sib S 

X S iden S 

X 1 sib and 4 iden S 
\ 2 sib and 3 idcn S 


2 iden., 3 pat sib, mat iden 
S iden 

1 set of 2 iden , 1 set of 3 iden Each 
set pat sib and mat iden to other set 

4 ulen ; 1 pat sib, mat iden 

2 sets of 2 iden Each set pat sib and 

mat iden to remaining 3 1 pat sib, 

mat iden to all others 

3 iden , 2 pat sib, mat. iden to all 
others. 

5 aib 

5 pat iden., mat sib. 

1 sib , 4 pat idcn to each other, mat 
sib 

2 sib , 3 mat sib,, pat iden to each 
other, but pat sib, to the sib 

3 sib , 2 mat sib, pat iden to each 
other, but pat sib. to the 4ib 

5 pat «tb, mat iden 
5 iden 

4 iden , 1 pat sib, mot idea 

3 idcn , 2 pat sib, mat idcn 
2 iden , 2 pat sib, mat idcn 

2 sets of 2 idcn , 1 pat sib, mat iden 
to one set of iden, and mat sib to 
other 

I sib , 2 sets of 2 idens, mat iden to 
each other 

1 set of 3 iden , 1 set of 2 iden Each 
set pat iden, mat sib to other set 

4 iden , I pat ulen, mat sib 

2 iden , 3 pat sib, mat ulen to each 
other, mat sib, to the ulen 

1 sib , 2 iden , 2 pat sib , mat iden to 
each other and pat sib to other 3 
1 set 3 idcn , 1 set 2 iden Each set 
pat iden. mat sib to other set 
4 iden ; 1 sib 

1 sib ; 4 pat sib, mat idcn 
4 idcn ; 1 pat iden , mat. sib 
4 iden j I sib 

3 iden ; 1 sib , I pat sili, mat iden 
to the iden, mat sib to the sib 
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Genesis 


TABLE 2 { CoHltnueJ) _ 

Reintionsliip 


X 3 Bib and 2 idcn S 

XUI 2 sib and 2 iden ova 
X 4 sib. Sj 1 2 

X 4 sib. S, 1*2 

X 4 iden. S, 1.2 

X 4 iden, S, 1 2 
X 1 sib and 3 Iden S, 1.2 

X 1 sib and 3 iden S, 1’2 

X 1 aib and 3 iden $, li2 

X 1 sib and 3 iden. S, 1 2 

X 2 sib. and 2 iden. S, 1:2 

X 2 sib. and 2 iden S, 1.2 

X 2 aib and 2 (den. S, 1 2 

X 2 sib and 2 idcn S, 1.2 

X 2 sib and 2 idcn. S, 1 2 

X 2 sib and 2 iden, S, 1 2 

XIV 2 sib .ind 3 iden ova 
X 5 sib. S 

X 5 iden S 

X 1 sib. and 4 idcn, S 
X 1 aib and 4 iden S 

X 2 sib, and 3 iden. S 
X 2 sib and 3 iden S 


2 iden ; 1 aib , 2 pat, sib , mat idcn 
lo the iden, mat, sib. to the sib, 

1 aib.; 2 idcn ; 2 iimt iilcn to each 
othei, mat. sib to others, pnt sib to 
all 

2 sib , 2 iden ; I pat sib. to nil, mat 
idcn to the idcn, mat. sib to re- 
m,iining 2 

2 sets of 2 iden., eacli set pat iden, 
mat sib lo other set 1 pat iden., 
met 9ib 

3 iden , 2 pat idcn., mat sib. 

2 sets of 2 idcn , 1 mat sib, pat idcn 
to one set, pat, sib to other set. 

2 sets of 2 iden, each set pnt Idcn to 
other, 1 sib 

2 iden , 2 pat iden,, mat sib, pnt idcn. 
to fifth; 1 mat idcn to iden. pat 
iden to remaining 2. 

3 iden , 1 sib , 1 pat idcn to idcn,, 
mat. sih to nil 

3 iden ; 2 sib 

1 sib , 2 sets of 2 idcn, both sets pal 
idcn 

2 iden , 1 sib., ! pat sib, mat idcn 
to fifth, I mat iden to iilcn, pat 
iden to fifth 

2 idcn ; 1 sib , 1 pot ulen to iden, 
mat sib ; 1 mat, idcn to Ulen, pat 
sib 

2 Iden , 2 mat sib, pat Idcn ; 1 pat 
idea to idcn, mnt sib 
2 iden ; 2 mat iden, pat sib , 1 mat. 
sib., pat idcn to idcn 

2 8ib , 3 pat sib, mat idcn to each 
other, m,it sib to remaininR 2 

3 iden ; 2 pat iden, mat sib 

1 sib ; 3 iden ; 1 mat sib , pat idea to 
the iden, pat sib to sib 

2 iden,, 2 mat sib, pat idcn to the 
iden, pat sib to remaining I, 1 pnt 
sib, mat iden, to the iden, mnt sib 
to remaining 2 

3 idcn,, 2 sib 

2 pat Bib, mat Iden, 2 pnt, iden, 
mat sib ; I pnt Iden. mnt sib lo one 
group and pat. stb., mnt ulen lo 
other. 


POSSIBLE GENETIC RELATIONS AMONG QUINTUPLETS 


153 


Table 2 {ContiHued) 





Genesis 


Relationship 


X 

3 

sib 

and 

2 

iden 

S 

2 iden , 2 sib ; 1 pat sib, mat 

iden 








to one set and mat sib to other set 


3 

sib 

and 

2 

iden 

s 

3 pat sib, mat iden to each i 

other 








and mat sib to other two, 2 

pat 








iden, mat sib 


X 

3 

sib 

and 

2 

iden 

s 

1 Bib , 2 pat sib., mat iden , 1 

mat. 








iden to set of 2, pat iden to remain- 








mg 1, 1 mat sib, pat sib to 

sib., 








pat iden to remaining 1. 


XV 

3 aib 

and 

. 2 

iden 

ova 



X 

5 

sib> 

S 




3 sib , 2 pat sib, mat idcn to 

each 








other, mat sib to remaining 3 


X 

5 

iden 

. s 




2 iden ; 3 pat iden, mat sib 


X 

1 

sib 

and 

4 

iden 

S 

1 sib , 2 iden . 2 pnt iden, mat 

sib. 

X 

1 

sib 

and 

4 

iden, 

S 

3 pat iden., mat sib , 1 pat iden to 








set of 3, mat iden to remaining 

i; 1 








pat sib, mat sib to set of 3, 

mat 








iden to remaining 1 


X 

2 

sib 

and 

3 

iden. 

S 

2 iden , 2 sib , 1 pat iden , mat 

sib 








to the iden 


X 

2 

sib 

and 

3 

idcn. 

S 

3 mat sib, pat iden to each other, 2 








mat iden to each other, pat sib 

X 

2 

sib 

and 

3 

iden. 

s 

1 sib , 2 mat sib, pat iden. to 

each 








other, 1 pat iden to set of 2, 

mat 








iden to remaining 1, 1 pat sib, 

mat. 








alb to sib and set of two, mat 

iden 






iden 


to remaining 1 


X 

3 

sib 

and 

2 

s 

3 sib , 2 iden 


X 

3 

axb 

and 

2 

iden 

s 

1 alb , 2 pat sib., mat Iden , 2 

pat. 








iden, mat sib 

X 

3 

sib 

and 

2 

iden. 

s 

2 sib : 2 mat idea , pat sib, with 

1 pat 








iden to fifth; 1 mat sib, pat iden to 








non-aib 


XVI 

1 i 

l-nuc 

ovum 




X 

5 

sib 

S 




5 pnt sib, mat iden 


X 

5 

iden S 




5 iden 


X 

1 

sib 

and 

4 

iden. 

s 

4 iden , 1 pat sib , mat iden 


X 

2 

sib. 

and 

3 

fden. 

s 

2 pat sib , 3 pat iden All mat 

iden 

X 

3 

aib 

and 

2 

iden 

s 

2 iden , 3 pat sib, mat iden 


X 

1 

5-nuc S 




5 iden 


X 

1 

4-nuc a 

nd 

1 sib 

s 

4 iden , 1 pat sib , mat iden 


X 

1 

4-nuc. and 

1 iden S 

5 iden 


X 

1 

3'nuc and 

2 sib 

s 

3 iden , 2 pat sib, mat idcn 


X 

1 

3-niic and 

2 iden S 

1 set of 3 iden , 1 set of 2 iden 

Each 








set mat iden, pat sib to other set 

X 

1 

3-nuc. and 

1 2-nuc S 

1 set of 3 iden., 1 set of 2 iden 

Each 








set mat iden , pat sib to other 

set 

X 

1 

S-niic, 1 

s: 

lb , and 1 iden. 

S 4 idcn., 1 pnt sib., mat idcn 


X 

2 

2'nuc a 

nd 

1 sib 

. s 

2 sets of 2 iden,, mat iden to 

each 








other, 1 mat iden, pat, sib 
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X 2 2 -nuc and 1 iden S 


table 2 [CovUn iieil) _ 

RRlnlionsliiP 

5 1 set of 2 iden \ 1 set of 3 idcn. Each 

. _^ ..1_^4.1. 


XVIL 1 4-quc ovum 
X + aib. S, 1,2 
X 4 ideiii S, 1 2 

X 1 sib and 3 iden S, 1.2 

X 1 sib and 3 iden S, 13 

T 2 sibi and 2 iden S, 1.2 


X 2 sib and 2 idcn S, 1 2 
X 1 3-uuCi and 1 sib S, 1 2 

X 1 3-nuc and 1 sib S, 1 2 

X 2 2-nuc, S, 1 2 

X I 2-nuc, I 8ih> 1 iden, 1 2 
XVIII. 1 3-nuc, ovum 
X 3 sib S, 1-3 

X 3 sib, S, 2 2 


X 3 iden. S, 1.3 

X 3 iden, S, 2 2 

X 1 sib and 2 iden. S, 1*3 

X 1 sib and 2 iden S, 1 3 

X I sib and 2 iden S, 2x2 

X 1 sib. and 2 iden. S, 2:2 

X I 3-nuc S, 1 3 
X 1 3-nuc S, 2 2 
X 1 2-nuc, and 1 sib S, 1*3 
X 1 2-nuc, and 1 sib S, l 3 

X 1 2-nuc and 1 sib S, 2.2 

X 1 2-nuc, and 1 sib S, 2;2 

X 1 2-niic. and 1 iden. S, 1 2 

I I 2-nuc. and 1 iden S, 2*2 

XIX, l 2-Duc ovum 
X 2 sib S, 1 4- 
X 2 iden S, 1‘3, 12 

X 1 2-nuc. S, I '4 
v: 1 2-nuc. S> 1 3, 1 2 
XX 1 4-nuc and 1 sib ova 
X 5 sib S 


2 idcn , 3 pnt sib, mat iclcn 

5 idcn 

1 act af 2 idcn , 1 set of 3 idcn Each 
set put sib, innt idcn to other set 

4 iden , 1 sib 

2 seta of 2 idcn, each pat sib, mat 
idcn to other set, 1 pat sib, mat 
iden to all 

3 idcn , 2 pat sib, mat ulen to all 

4 idcn , 1 pat sib , mat idcn 

3 iden , 2 idcn. Each set pat, sib , mat 
idcn 

1 set 3 Idcn,, 1 set 2 idcn All mat 
idcn 

4 iden , 1 pat sib, mat iclcn 

3 iden ; 2 pat sib, innt uicn. Co each 
othci and to idcn 

2 sets of 2 idcn , each set pat, sib , mat 
idcn to other set, 1 pnt sih,, mat 
idcn 

j iden 

5 iden 

3 iden,; 2 idcn, pat, sib, mat, idcn, to 

iden. 

4 iden ; 1 pnt sib, mat idcn, 

2 sets of 2 iden,, 1 rnai idcn, pat idcn 
to one set, sib to other 

4 iden.; 1 pat sib , mat iclcu 

5 idcn 

S iden. 

4 iden,, 1 pat sib., mat idcn 

1 aet of 3 iden , 1 set of 2 iden Each 
set pat aib, mat idcn to other aet 

4 idcn , 1 pat sib., mat idcn 

1 aet of 3 idea ; 1 aet of 2 idcn Each 
set pat aib, mat. idcn to other set 

5 idcn 

5 iden 

4 idcn ; 1 pot sib, mat Idcn. 

1 set of 3 idcn , 1 set of 2 idcn Each 
set pat. aib,, mat. iden to other set. 

5 iden 

5 iden 

1 sib, 4 pat sib,, mat iden to each 
other 
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TABLE 2 {Coutiniied) 

Genesis Relationship 


X 5 iclen S + iden , I pat iden„ mat sib 

X 1 sib and 4 iden S 3 iden , 1 pat, iden , mat sib to the 

idea., 1 pat sib, mat iden to the 
iden 

X 1 sib and 4 iden. S 4 iden ; 1 sib 

X 2 sib and 3 iden S 2 iden ; 2 pat sib, mat iden to the 

iden , 1 pat iden, to the iden , mat 
aib 

X 2 sib and 3 iden S 3 iden , 2 pat sib , 1 of which is iden 

and 1 sib to the iden 

X 3 aib and 2 iden S 3 pat aib., mat, iden , 2 pat iden to 

each other pat sib to the iden 1 mat 
iden and 1 mar. sib to the iden 

X 3 sib and 2 idcn S 2 iden , 1 aib , 2 pat sib, mat iden 

to each other and to iden. 

X 3 sib. and 2 idcn S 3 iden , 1 pat. sib,, mat iden to iden., 

1 pat. iden, mat sib, to iden 

X 1 4>nuc and 1 sib S 4 iden , 1 sib 

X 1 4-nuc and 1 idcn S 4 idcn 

X 1 3-nuc. and 1 2*n\ic. S 3 iden , 1 sib , 1 pat sib, mat. iden 

to the iden , mat sib to all 

X 1 2'-nuc and 2 idcn $ 5 iden. 

X 1 3-ntic, 1 sib, and I idcn S 4 iden , 1 sib 

X 1 3-nvic, 1 sib, and 1 idcn S 3 iden , 1 pat sib to all, mat idcn to 

iden, mat sib to remaining 1, i 
pat idcn to iden, mat, sib. to all 
others 


X 2 2-nuc and 1 sib S 1 aib ; 2 sets of 2 iden, each set pat 

a\b to t\it other, put idcn to remain* 
mg 1, mat iden to ench other, mat 
8ib to remaining 1 

X 2 2*nuc and 1 iden S 2 sets of 2 idcn, each set pat sib. to 

the other, pat iden to remaining 1, 
mat iden to each other, mat sib to 
remaining 1 

XXI 1 4-nuc and 1 iden ova 
X 5 sib S 5 pnt sib , mat iden, 

X 5 iden S 5 iden 

X 1 sib and 4 iden S 3 iden , 1 pat. sib, mat iden to the 

iden, mat sib to remaining 1 , ] 
pat iden to iden, mat aib 
X 1 sib and 4 iden S 4 iden , 1 sib 

X 2 sib and 3 idcn S 3 iden , 2 pat sib, mat iden 

X 3 sib and 2 iden S 2 idcn., 3 pat sib, mat iden 

X 1 4-nuc and 1 sib S 4 iden., 1 pat sib, mat iden 

X 1 4-nuc and 1 idcn S 5 idcn 

X 1 3-mic and 2 sib S 3 idcn , 2 pat sib, mat iden 

X 1 3-nuc and 2 iden S S iden 

X 1 3-nuc, 1 sib, and I iden S 4 idcn ; I pat sib, mat iden 

X 2 2-nuc and 1 sib S 2 sets of 2 iden , 1 pat sib, mat iden 
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TABLE 2 (CoufiHu^d) 


Genesis 


Relationship 


X 2 2-nuc and 1 iden S 

XXII, 1 3-nuc and 1 sib. ova 
X 4 sib. S, 1 2 


4 sib S, 1 

4 iden S, 

4 Iden S, 
1 sib and 


1'2 
1 2 

3 iden 


S, 1.2 


1 sib, and 3 iden S, 1 2 

1 sib. and 3 iden. S, 1*2 

1 sib and 3 iden. S, 1 2 


X 2 sib, and 2 iden S, 1.2 

x 1 3-nuc and 1 sib, S, 1:2 

X 1 3-nuc and 1 sib S, 1:2 

X 1 3-nuc and I Idtn S, I 2 

X 1 3-nuc. and 1 iden. S, 1 2 

K 1 2-nuc., 1 sib, 1 iden. S, I 2 

X 1 2-nuG,, 1 sib, 1 iden S, 1 2 

X 1 2-nuc., 1 sib,, 1 iden. S, 1 2 

XXIII 1 3-rLuc and 1 iden ova 

X 4 sib S, 1 '2 

X 4 iden S, 1'2 

X 1 sib, and 3 iden. S, 1 ;2 

X 1 sib, and 3 iden. 8, 1:2 


2 sets of 2 iden , 1 pat idcn to 1 set, 
sib. to other, mat. ulen. 

2 iden.; 1 aib , 2 pnt. sib , mnt. iden 
to the idea, 

2 iden ; 3 pat sib., mat. iden. to each 
other, mat sib, to the iden 

1 set 3 iden.; 1 set 2 iden. Each act 
pat idea,, mat. sib to other set 

4 iden; 1 pnt iden, mat, sib 

3 idea.; 1 pat aib , mnt iden to the 
iden, mat. aib. to remaining 1; 1 pat., 
iden to iden., pnt sib. to remaining 1. 

4 iden , 1 sib. 

1 set 3 iden.; 1 set 2 iden. 

2 sets of 2 iden, each set pat, sib, mat 
iden to other act; 1 mat sib , pat, 
iden. to one set, pat, sib to other. 

3 iden., 1 pat sib, mnt idcn to iden ; 
1 pat. iden, mat. aib to idcn 

4 iden , 1 sib. 

1 set of 3 iden. ;1 set of 2 idcn. 

4 iden , 1 pat. iden , mat sib 

1 see 3 iden.; 1 set 2 idcn. Each set 
pat. iden, mat. sib. to other set 

4 tden.; 1 aib. 

1 set of 3 Idcn., 1 set of 2 idcn. 

2 sets of 2 iden, mat idcn,; 1 mnt. 
sib., pat. idcn. to one act 


X 2 sib 
X 2 sib 


and 

and 


2 iden, S, 1:2 
2 iden. S, 1-2 


X 1 3'niic, and 1 sib S, 1 2 

X 1 3'iiuc. and 1 sib S, 1 2 

X 1 S-nuc and 1 iden $,12 
X 1 a-nuc, 1 sib, 1 Ideti S, I 2 

X 1 2-nuc, 1 sib., 1 idem S, 1 2 

XXIV. E 3-ruc. and 2 sib. ova 
X $ sib S 
X S iden, S 


2 iden ; 3 pat sib, mat. iden 

5 idcn 

4 idcn.; 1 pat. sib , mat iden 

1 set 3 iden , 1 set 2 iden. Each set 
pat. sib, mat. iden to other set 

3 idem, 2 pat. sib., mat iden. 

2 sets of 2 iden, each pat sib,, mat 
idcn to other set; 1 mat iden, pat, 
sib. 

4 Iden , 1 pat aib, mat iden 

1 set of 3 iden ; I set of 2 idcn Each 
set pat sib., mot iden to other set 

5 iden. 

4 idcn ; t pat. sib , mat iden 

1 set 3 iden ; 1 act 2 iden Each set 
pat. sib, mat. ulen to other set 

3 pnt. sib., mat. iden.; 2 sib 

3 iden.; 2 pat. iden, to each other and 
tQ iden , mat. sib 
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TABLE 2 {Contihued) 

Genesis Relationship 


X 1 

sib. 

and 

4 

iden 

S 

X 1 

sib 

and 

4 

iden 

S 

X 2 

sib 

and 

3 

iden. 

s 

X 2 

sib 

and 

3 

idcn 

s 

X 3 

sib 

and 

2 

iden 

s 

X 3 

sib, 

and 

2 

iden 

s 

X 3 

sib 

and 

2 

iden 

s 


X 1 3-nuc and 2 sib S 

X 1 3-nuc. and 2 iden S 

X 1 3-nuc , 1 sib , 1 iden S 

XXV 1 3-nuc and 2 iden ova 
X 5 sib S 

X 5 idcn S 

X 1 sib and 4- idcn S 

X 2 sib and 3 iden S 

X 3 sib and 2 iden. S 

X 1 3-nuc. and 2 aib S 

X 1 3-nuc and 2 iden S 

X 1 3-niic,, 1 sib., 1 iden S 

XXVI I 3-nuc and 1 2-nuc ova 


X S sib 

S 



X 5 iden 

s 



X 1 sib 

and 4 

iden 

S 

X 1 alb 

and 4 

iden 

S 

X 2 sib 

and 3 

idcn 

S 

X 2 sib 

and 3 

idcn 

s 

X 3 sib 

and 2 

iden 

s 

X 3 sib 

and 2 

iden 

s 

X 3 sib 

and 2 

iden 

s 


3 iden , 1 pat iden, mat sib to idcn , 

1 9ib 

2 iden , 2 pat iden to iden, mat sib , 

1 pat sib, mat iden to iden 

3 iden , 2 sib 

1 sib , 2 iden , 1 pat sib,, mat idcn 
to iden , 1 pat iden to iden, mat 
sib 

3 pat aib, mat idcn., 2 pat iden, mat. 
sib. 

2 sib ; 2 Iden , 1 pat sib , mat idcn to 
iden. 

2 pat sib, mat. idcn., 1 sib,, 1 mat. 
sib, pat iden to remaining 1, 1 mat 
iden to the 2 mat. Iden, pat iden 
to remaining 1. 

3 iden , 2 sib. 

3 idcn , 2 mat sib., pat iden. to all 

3 iden , 1 sib , 1 mat, .sib , p.it iden 
to iden 

5 pat sib, mat iden 
5 iden, 

4 iden , 1 p4t sib , mat. Iden 

3 iden , 2 pat sib, mat iden to aii 

2 iden , 3 pat sib, mat iden to all 

3 iden , 2 pat sib, mat, iden to all 

1 set of 3 iden , 1 set of 2 iden Each 
set pat sib, mat iden, to other set. 

4 iden , 1 pat sib, mat. iden to all. 

3 pat. sib, mat iden , 2 pat sib., mat 
iden. 

1 set of 3 iden , 1 set of 2 iden. Each 
set pat iden, mat sib to other set. 

2 sets of 2 idcn, pat iden to each 
other, 1 pat aib, mat iden to one 
set 

3 iden , 1 pat sib, mat idcn to re¬ 
maining 1, I pat iden. to iden, mat 
iden to remaining 1. 

3 iden , 2 pat sib, mat. iden to each 
other 

2 idcn ; 2 pat sib, mat idcn to re¬ 
maining 1, 1 pat iden to iden, mat 
iden to othei 2 

2 iden , 2 pat sib, mat Iden to each 
other, 1 pat sib, mat idcn to idcn 

3 pat sib, mat iden , 2 iden 

2 pat sib, mat idcn ; 1 pat idcn to 
1 and pat aib to remaining 2, mat. 
iden to 2 mat iden , 1 pat. sib , mat 
iden to lemaining 1 
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'TABLE 2 {Contutued) 


Genesis 


Rciaiioniliip 


X 1 3-niic and 2 sib S 3 idcti , 2 pat sib , mat iden 

X I 3-nyc and 2 idcn S 3 idcii.: 2 iden End set sib to other 

X 1 3-ntic. and 1 2-nuc S 3 iden., 2 iden Each net sib to other 

X 1 3-nuc.. 1 sib„ 1 iden S 3 iden.; 1 pnt. idcn , mnt biI> to iden , 

1 pat sib,, mat idcn to remaining 1 

xxvn 1 3-nuc,, 1 sib , 1 iden ova 


X 5 sih S 
X 5 iden S 

I 1 sib and 4 iden S 

X 1 sib and 4 iden S 

X 2 sib and 3 iden S 

X 2 sib and 3 iden S 

X 3 sib and 2 iden S 

X 3 sib and 2 iden. S 


X 1 3-nuc, I 8ib, 1 iden S 
X 1 3-ruc , 1 sib, 1 iden S 

XXVIII 2 2-nuc ova 
X 4 sib S, 1.2 

X 4 iden S, 1 2 

X 1 sib and 3 iden S, I'2 

X i sib and 3 iden S, I 2 

X 2 sib. and 2 iden S, 1.2 

X 2 sib. and 2 iden. S, 1.2 

X 2 2-nuc S, 1 2 
XXIX. 2 2-nuc and 1 sib. o/a 
X 5 sib, 8 
X 5 iden S 

X 1 Bib and 4 idcn S 
X 1 sib and 4 iden S 

X 2 sib, and 3 iden 8 
X 2 sib and 3 iden. S 
X 2 sib and 3 iden S 


1 sib., 4 pat sib, mnt iden 

4 iden , 1 pat iden, mat sib 

4 idcn ; 1 sili 

3 idcn , 1 pat idcn, m.nt sib to idcn ; 

1 p.*!! sib, mat iden to idcn 

3 idcn ; I sih , 1 pnt sib, mat. iden 
to iden 

2 iden , 2 pnt sU), mat iden to idcn , 

1 pat idcn to idcn., mnt sib. 

2 idcn , 1 sib ; 2 pnt sib, m.*!! idcn 
to idcn 

3 pat sib, mat. idcn , 1 mnt idcn. to 
idcn, put. iden lo rcmniimig 1, 1 
mat sib, pnt idcn to remaining 1. 

4 iden , 1 sib. 

3 idcn , 1 pnt sib, mat idcn to iden , 

1 mnt sib, pat iden to idcn. 

2 idcn , 2 pat sib, mnt idcn , 1 pnt 
sib, mat idcn to Idcn 

1 set 3 iden , 1 set 2 Idon, Ejcli set 
pat idcn, mnt sib lo other set 

2 sets 2 ulen ; I pne idcn , mnt sib to 
1 set, pat sib, mnt uten to other 

2 sets 2 idcn, pnt idcn to eacli other; 
1 pat sib, mat tden to 1 set 

2 sets 2 iden ; 1 pat sih, mnt idcn to 
1 set 

1 set 3 idcn ; 2 pat sib, mat idcn to 
each other. 

1 set 3 idcn , 1 set 2 Idcn 

1 sib ; 2 sets of 2 pat sib, mat iden. 

2 sets of 2 Iden ; 1 pnt iden , mat, sib 
to 1 act. 

Z sets 2 iden, pal idcn tu each other, 
1 aib. 

2 iden., 2 mat. idea, pat alb, one pat 
iden to iden and to rgraaininK 1, 
1 mat aib, pat idcn to idcn 

2 iden., 1 sib , 2 mnt. idcn, pat sib, 
1 of which p.it idcn to idea 

2 iden , 2 pat. sib., mat idcn , I mnt. 
sib , pat idcn, to iden 

2 iden., 2 pat aib, mat idcn , 1 mat. 
sih , pat iden, to iden. 
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TABLE 2 {Continued) 

Genesis Relationship 


X 3 sib, and 2 idea S 


X 3 sib and 2 iden S 
X 3 sib and 2 idcn S 

X 2 2-mic and 1 sib. S 
X 2 2-nuc and 1 iden S 
XXX 2 2-nuc, and 1 iden ova 


X 5 sib S , 

X 5 idcn S 

X 1 aib, and 4 

X 1 sib and 4 

X 2 8ib and 3 

X 2 sib and 3 


X 3 sib and 2 

X 3 sib and 2 
X 2 2-nuc. and 

X 2 2-nuc and 
XXXI 1 2-nuc 
X 3 sib. S, 1 3 
X 3 sib S, 1 3 

X 3 idcn S, 1 

X 3 idcn S, 1 
X 3 iden S, 2 
X 3 iden S, 2 

X 3 sib S, 2 2 

X 3 sib S, 2,2 

X 1 sib and 2 
X 1 sib and 2 
X 1 sib and 2 
X 1 sib and 2 


iden S 

iden S 

iden S 
iden S 


idcn S 

idcn S 
1 sib S 

1 idcn S 
and 1 sib ova 


•3 

•2 

2 


iden S, 1 3 
iden S, 1 3 
iden S, 2 2 
idcn S, 2 2 


2 pat sib, mat iden., 2 mat iden, pat 
aib., 1 of which pat iden to remain¬ 
ing 1, 1 mat sib, pat iden to 1 of 
2 mat iden, pat sib 

2 iden , 1 stb , 2 pat sib , mat iden 

1 sib , 2 sets pat, sib , mat. iden., 1 of 
each set pat iden to 1 of other set 

2 sets 2 iden , 1 sib 

1 set 3 iden , 1 set 2 iden. 

2 pat sib, mat idcn , 3 pat sib, mat 
iden 

2 inden , 3 iden All pat iden (Or S 
iden ) 

3 iden ; 2 mat idcn, pat sib,, but 1 
pat. iden to iden 

2 sets of 2 iden, pat iden to each 
other, 1 mat. iden to I set, pat sib. 

3 iden ; 2 pat sib, mat iden 

2 iden, 2 mat idcn, mat sib, 1 oi 
which pat iden to iden., 1 pat sib, 
mat idcn to the non-iden. 

2 iden.; 2 mat iden, pat 9ib ; 1 pat. 
sib, mat iden to iden 

2 ulen, 3 pat sib, mat. iden 

2 sets 2 iden , 1 pat stb, mat. iden to 
1 set 

I set 2 iden , 1 set 3 iden 

3 iden , 2 mat iden pat sib 

1 sib , 3 iden , 1 pot sib, mat idcn to 
iden 

1 act 3 iden , I set 2 iden All pat 
iden. 

4 iden , 1 pat iden, mnt sib 

4 idcn , 1 pat iden , mat sib 

1 set 3 iden , 1 set 2 idcn All pat 
iden 

2 sets 2 iden, mat ideo to each other, 
I sib 

2 sets 2 iden , 1 pat sib, mat idcn. to 
1 set 

4 idcn , 1 Bib 

1 set 3 iden , 1 set 2 iden 

4 iden , 1 sib 

2 sets 2 iden, pat idcn to each othei , 
1 pat sib , mat idcn to 1 set iden 

4 iden , 1 sib 

1 set 3 iden , 1 set 2 iden 

4 idcn , 1 sib 


X 1 2-niic and 1 sib S, 1 3 

X 1 2-nuc and 1 sib S, 1 3 

X 1 2-nuc and 1 sib S, 2 2 
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TABLE 2 [Co»tiUtte(i) 


Genesis 


Relntionship 


X 1 2 -nuc and 1 sib S, 2.2 
X 1 2 -niic. and 1 iden S, 1 3 

X 1 2-nuc and 1 iden. S, 1 3 
X 1 2-nuc and 1 iden, S, 2 2 
X 1 2-nuc and 1 iden. S, 2 2 

XXXII 1 2-nuc and 1 iden ova 
X 3 Bib. S, 1 ‘3 
X 3 iden S, J 3 
X 3 sib S, 2 2 
X 3 iden, S, 2 2 
X 1 sib and 2 idcn S, 1.3 

X 1 aib and 2 iden. S, 1:3 
X 1 sib and 2 iden. S, 2.2 
X 1 aib and 2 Iden S, 2 2 

X I 2'aac and 1 sib S, 1*3 

X 1 2‘nuc. and 1 sib S, 1*3 

X 1 2‘nuc and 1 sib S, 2.2 

V 1 2-nuc and 1 sib S, 2*2 

X 1 2‘nuc. and 1 iden S, 1.3 

X 1 2‘nuc. and 1 iden. S, 2.2 


XXXni 1 2‘nuc, 1 stb, and 1 iden ova 


1 set 3 idcn , 1 set 2 ulen 

1 set 2 iden.; 1 set 3 idcn. All pat, 
iden 

4 iden., 1 mat sib, pat idcn 

4 idcn, 1 mat sib, pnt idcn 

1 set 3 iden , 1 set 2 idcn. All pat 
iden 

5 pat. sib, mat idcn 

5 iden 

5 pat ail), mat itien 

5 iden. 

1 set 3 iden ; 1 set 2 iden Ail mat 
iden. 

4 ulen , 1 pat. sib, mat, idcn, 

4 iden , 1 pnt aib., mnt. idcn 

1 set 3 idcn , 1 set 2 idcn. All mat. 
iden 

1 set 2 iden , 1 set 3 iden All mnt 
iden. 

4 idcn., 1 mat. idcn, pnt sib 

4 idcn 't 1 sib 

1 set 3 idei)., 1 set 2 idcn All mnt 
iden 

5 iden. 

5 iden 


X 4 sib S, 1.2 

X 4 Bib S, 1,2 
X 4 iden S, 1 2 
X 4 iden S, 1*2 
X I sib, and 3 iden S, 1 2 

X 1 sib. and 3 iden. S, 1.2 

X 2 sib and 2 iden. S, 1’2 


1 sib.; 2 iden.; 2 pat aib., mnt iden. 
to iden. 

2 idcn , 3 pot. sib., mnt idcn, 

3 ulen., 2 idcn. All pat. idcn. 

4 idcn.; 1 pnt ulen, mnt sib. 

4 iden,. 1 sib 


3 iden , 2 iden 
3 idcn ; 1 sib 
to iden. 

2 sets 2 iden, each mat 
other, 1 aib 
X I 2-nuc, 1 sib, 1 iden S, 1 2 4 iden , 1 sib 
X 1 2-tiuCi, 1 sib, 1 iden. S, 1*2 1 set 3 iden ; 1 set 2 Iden 


X 2 sib, and 2 idcn. S, 1 *2 


1 pnt sib, mnt iden 
iden to the 


Reference to the table will disclose that each of the many modes 
of quintuple genesis does not give rise to a unique rehitionship among 
quintuplets Various modes of genetic origin result in common 
forms of relationships, 

In summary, it may be said that there arc, pcihnps, 206 modes of 
quintuplet genesis giving, rise to 84 distinct types of quintuplet 
relationships, namely: 
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1 5 identical 

2 5 paternally identical, maternally sibling 

3 5 maternally identical, paternally sibling 

+ + identical, 1 sibling 

5 4 identical, 1 paternally identical, maternally sibling 

6 4 identical, 1 maternally identical, paternally sibling 

7 3 identical, 2 identical 

8 3 identical, 2 identical All maternally identical 

9. 3 identical, 2 identical All paternally identical 

10 3 identical; 2 paternally identical, maternally sibling 

11 3 identical, 2 maternally identical, paternally sibling 

12 3 identical, 2 pateinally identical, maternally sibling to nil 

13 3 identical, 2 maCernally identical, paternally sibling to nil. 

14 3 identical, 2 sibling. 

15. 3 identical, 1 sibling, 1 maternally sibling, paternally 

identical to the identical 

t6, 3 identical, 1 sibling, 1 paternally sibling, maternally 

identical to tbe identical. 

17 3 identical, 1 paternally identical, mnteinally sibling to 

the identical, 1 paternally sibling, maternally identical 
to the identical 

18 3 identical, 1 paternally identical, maternally sibling to 

the identical, 1 sibling 

19 3 identical, 1 pateinally identical to the identicol, ma- 

teinally identical to the fifth, 1 paternally sibling, ma¬ 
ternally identical to the fifth 

20 3 identical, I paternally identical to the identical, ma¬ 

ternally sibling, 1 paternally sibling, maternally identi¬ 
cal to the identical 

21 2 identical, 2 identical, 1 sibling 

22 2 identical; 2 identical, 1 sibling Each set of identical 

paternally identical, maternally sibling to other act, 

23 2 identical; 2 identical; 1 sibling Each set of identical 

maternally identical, paternally sibling to other set 

24 2 identical, 2 identical, 1 maternally identical to one set of 

identical 

25 2 identical, 2 identical; 1 paternally identical to one set 

of identical, 

26 2 identical, 2 identical. Bach set paternally identical to 

other set. 1 pateinally identical, maternally sibling to 

.'ll!. 

27 2 identical; 2 identical Each set maternally identical to 

other set I mateinally identical, paternally sibling to all 

28 2 identical, 2 identical Each set pateinally identical to 

other set 1 paternally identical (o one set 
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29 2 identical, 2 identical Each aet maternally Identical to 

other set 1 maternally identical to one aet 

30 2 identical; 2 identical Each aet paternally identical to 

other set. 1 maternally identical to one ict 

31 2 identical; 2 identical Each set matcrnnlly identical 

to other set 1 paternolly identical to one act 

32 2 identical, 2 sibling, 1 matcinally sibling, p.itern.iny 

identical to identical 

33. 2 identical, 2 sibling, 1 maternally identical, paternally 

sibling to identical 

34 . 2 identical, 1 sibling, 2 paternally sibling, maternally 

identical to the identical 

35 . 2 identical, I sibling; 2 paternally identical, mateinally 

sibling to the identical 

36. 2 identical, 1 sibling, 2 paternally idenucal to each other, 

inatercially sibling. 

37. 2 identical, 1 sibling, 2 maternally identical to each other, 

paternally sibling. 

38. 2 identical; 1 sibling, 2 maternolly identical, paternally 

sibling, 1 of ivhieh is paternally identical to the identical, 

39 2 identical, 1 sibling, 2 paternally identical, maternally 

sibling, 1 of which is maternally identical to the identical 

40. 2 idenucal, 1 sibling, 2 maternnUy identical, patcinnlly 

sibling, 1 of which is maternally identical to the identical, 

41. 2 identical, 1 sibling, 2 patcinally identical, maternnlly 

sibling, 1 of which is paternally identical to the identical 

42. 2 identical, 1 sibling, 1 paternally sibling, maternally 

identii-nl to the identicnl, I paternally identical to the 
identienl, maternally sibling 

43. 2 identical; 2 paternally identical, maternally sibling; 1 

paternally identical to the identic.»l, mtitenially sibling 

44. 2 identical, 2 paternally identical, maternally sibling, 

I maternally identical to the identical, paternally sibling 
45 2 identical, 2 maternally identical, paternally sibling, 1 
paternally identical to the identical, m.'itcrnally sibling 
46. 2 identical, 2 maternally idcnucal, paternally sibling; 1 
maternally identical to the identical, mateinally sibling 
47 2 identical, 2 paternally identical, maternally sibling, 1 
paternally identical to the npn-identlc.nl 
4» 2 idenucni, 2 maternally identical, patcrually sibling; 1 
maternally identical to the non-idetuicnl 
49 2 identical; 2 patcinally identical to the uleiiticnl, ma¬ 
ternnlly sibling; 1 paternally aibliiiE, maternally identi¬ 
cal to the identical 
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50 2 identical; 2 maternally identical to the Identical, pater¬ 

nally sibling; 1 maternally sibling, paternally identical 
to the identical 

51 2 identical, 2 paternally identical, maternally sibling, 1 

paternally identical to the non-idenucal 

52 2 identical, 2 maternally identical, paternally sibling, 1 

maternally identical to the non-identical, 

53. 2 identical, 2 paternally identical, maternally sibling, 1 
paternally identical to the non-identical and maternally 
identical to the identical 

54 2 identical, 2 maternally idenucal, paternally sibling, 1 

maternally identical to the non*identicai and paternally 
identical to the identical 

55 2 identical, 2 paternally identical, maternally sibling to 

the identical; I maternally identical to the identical, 

paternally identical to the non-identicnl 

56 2 identical, 2 paternally identical, maternally sibling to 

the identical, 1 maternally identical to the identical, pa¬ 
ternally identical to the non-identical 

57 2 identical; 2 maternally identical, paternally sibling to 

the identical, 1 paternally identical to the identical, 

maternally identical to the non-idcntical 
5S. 2 identical, 2 paternally identical, maternally sibling to 

the identical; 1 paternally identical to the identical, 

maternally identical to the non-identical. 

59 2 identical, 2 maternally identical, paternally sibling to 

the identical, 1 maternally identical to the identical, 

paternally identical to the non-identica) 

60 2 identical, 2 maternally identical, paternally sibling, 1 

of which is paternally identical to the identical, 1 pater¬ 
nally sibling, maternnily identical to the non-identica! 

61 2 identical; 2 paternally identical, maternally sibling, 1 

of which IB maternally identical to the identical, 1 mat- 
ternally sibling, paternally identical to the non-identical, 

62 2 identical, 3 paternally identical, maternally sibling 

63 1 sibling, 4 paternally identical, maternally sibling. 

64 1 sibling; 4 maternally identical, paternally sibling 

65 1 sibling, 2 paternally identical, maternally sibling, 2 

paternally sibling, maternally identical 

66. 1 sibling; 2 paternally identical, maternally sibling, 2 

paternally identical, maternally sibling 

67. 1 sibling, 2 maternally identical, paternally sibling, 2 

maternally identical, paternally sibling 
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68 1 siblmBi 2 paternally identical, maternally aiblnig; 1 

paternnlly tdenucal to act of 2, raatetnftUy idciiucal to 
fifth, 1 paternally sibling, mateinally siblmg to set of 2, 
maternally identical to remaining 1 

69 1 sibling; 2 paternally sibling, maternally identical, 1 

maternally identical to set of 2, paternally identical to 
fifth, 1 maternally sibling, paternally identical to remain¬ 
ing 1 

79 1 sibling, 2 sets of 2 paternally sibling, maternally identi¬ 
cal, 1 of each set paternally identical to 1 of other set 

71 1 sibling, 2 sets of 2 maternaUy aihlmg, paternally nienti- 

cai, 1 of each set maternally identical to 1 of other set 

72 2 sibling, 3 paternally identical, maternally sibling 

73 2 sibling, 3 maternally identical, paternally sibling 
7+ 3 sibling: 2 paternally identical, maternally sibling 

75 3 sibling, 2 maternally Identical, paternnily sibling 

76 3 paternally identical, mateinally sibling, 1 paternally 

identical to set of 3, maternally Identlcnl to fifth, 1 
paternally sibling, maternally sibling to set of 3, nin- 
ternally Identical to remaining 1. 

77 3 paternally identical, maternally sibling, 2 paternally 

identical, maternally sibling 

78. 1 maternally Identical, paternally sibling, 2 maternally 

Ideatlcal, paternally sibling 

7$ 3 priternally identical, maternally sibling; 2 piiternally sib¬ 
ling, maternally identical 

SO. 3 maternally identical, paternally sibling; 2 maternally 

sibling, paternally identical 

SI 3 paternally identical, maternally sibling; 2 maternally 

identical, 1 of which la paternally identical to set of 3. 

82, 3 maternally identical, paternally sibling; 2 paternally 

identical, 1 of which is maternally identical to set of 3 
S5 2 paternally sibling, maternally identical, 2 paternally 

sibling, maternally identical, 1 of which IS paternally 
identical to fifth, 1 maternally sibling, paternally iden¬ 
tical to 1 of the two sets. 

2 paternally sibling, maternally identical, 2 paternally 

identical, maternally sibling, I paternally identically 
sibling identical, mnteroally sibling] I paternally iden¬ 
tical, maternally sibling to 1 set, patcinnlly sibling, 
maternally identical to other set 
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LES RELATIONS GfiNfiTIQUES POSSIBLES ENTRE CINQ JUMEAUX 

(R£sum£) 

En general, on pent grouper toiites Ic9 theories de la gen^ae dcs jumcaiix 
etl quatre catigories, t savoir, cellea ayant rapporf (I) A I’ovulatioii ct A 
la maturation du sperme; (2) A la fertilisation, (3) A In fissure dc I’oeuf, 
et (4) aux caractAres des chromosomes. Les facleurs qui se troiivent A la 
base de ces theories fonctlonnent aanz doiite dans la production dc tons les 
types des enianta multiples. Ainsi une cellule scxucHe fcmellc on plus 
peut ctre fertilisie, et dans ime on phis de cclles-ci la division pent avoir 
lieu ou evant ou aprha In fertilisation. Pnr consiqncnt, les divcises eelhdes 
sexuelles femelles qui comprennent la genAse dcs enfants multiples seront 
identiqiies ou fraternells A I'cgard les unes dcs aiitres. De memc fagon les 
cellules miles aussi reprisenteront unc relation fraterncllc ou idcntiqnc les 
unes aiix autres Done les enfants multiples peuvent 6tre patcrncllemcnt 
identiques ou paternellement fraterncls selon qn'ils sent fertilises par dcs 
BpermaCozoides identiques ou fralcriicN rcspcciivcment Dc mSme fa<;on, 
les enfants peuvent £tre maternellcmcnt Identiques on mnternelicmcnC' fra- 
ternela selon qu'iU sont divelopp4s d'oeufs identiques ou d’oeufs fratetueU 
respectivement 

Qiiand on clasaifie tons les types possibles de genAse dc 5 jumoniix clans 
les cellules germlnatives et qu’on d6c1uiTre tous leurs moyens ^ossibUs de 
fertilisation, il se cnot\tceia qnc chaque moyen dc genise de 5 Vttneaux ne 
cause pas une relation unique entre S jumcaiix Divers moyens d’oiigine 
gAnftique rfsultent en formes communes dc relations. En soinmc il y n 
peiit-@tre deux cent six moyens de gendse de 5 jumenux qiii cniiscnt qii.itre- 
vjngt-quatre types distinefs de relations de 5 jumeaux 

SCHBIDBMANN 


MOGLICHE GENETISCHE BEZIEIIUNGEN ZWISCHEN 
FONFLINGEN 
(Refcrat) 

Im allgemeinen konnen alle Theonen uber Zwillingsgencsc in vier 
Kategonen emgeordnet werden, namlich (I) in diejenigen, die stcli auf 
Eier- und Samenerzeugung bcziehen, (2) Befcuclitung, (3) Eispiiltung, 
und (4) Eigenschaftcn dcr Cliromosomcn Die Faktoicn, die diescii 
Theonen unterliegen, funktionieren zwcifellos bci der Erzeugung aller 
Arten von vielfachec Nachkommenschaft Aof dicsc Wcisc konnen cine 
Oder mehr Gcschlechtszellen befruchtet vrerden, und in einer oder meheren 
dieser konn erne Spaltung entwedcr vor oder nacli der Bcfnichtung vorkoin- 
men Folglich weiden die vcrschiedcncn vrciblichcn Geschlechtszcllcn, die 
tie Genese der Vielfachcn Nachkommenschaft nussmachn, idcntisch uder 
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blutvecwiindt in bezug aufeinander sein Abnlichenveise warden die 
mnnniichon Zellen auch cm blutveiwandtcs oder identisches Verhalinia 
miteinandcr daratellen Folglich kann die vielfachc Nachkommenschaft 
vaterlich identiach oder vaterJidi blutverwandt sein, je naclidem sie von 
identischen oder blutverwandten Samen befiuchtet weiden Gleichetweise 
koiinen die Nachkommenschaft mutterlich identisch oder miitterlicli blntver- 
wandt seini je nachdem sie stch aua ideatischeo oder blutverwandten Elcrn 
entwickeln. 

Wenn alle moglichen Arten von funifachci Keimzcllengenese aufgC' 
achrieben weiden und alle moglichen Arten ihrer Befruchtung entziffert, so 
wird dargelegt, dass jede Art der funffachen Genese nicht em emzigartiges 
V'erhaltnia unter Funfhngen entatehen lasst Verschiedene Arten des 
gcneCischen Uraprunga cigeben gemeinsame Formen der Verhaltnisse 
Zusammenfnssend gibt es vielleicht zweihundertundBechs Arten der fiinf* 
fachen Genese, welche vierundachtzig bestimmte Arten von fdnifachen 
Veihaltnisaen entstehen lassen. 

ScHElDEMANN 



A PRELIMINARY STUDY OF THE EIDETIC IMAGERY 
OF PRESCHOOL CHILDREN‘S 

From Ihe PsycJiologieal Laboratory of the Umvetsity of Tc^as 


Leigh Peck and Rosemary Walling 

The investigation to be icportcd is an experimental study of the 
visual eidetic imagery of piescliool children. As fai as tlic writers 
know, It IS the fiist such study to be made either in the United 
States or abioad. 

Eidetic images are expeiienced with sensory clearness, the visual 
eidetic image is literally seen. In consideiation of the niimcious 
careful studies that have been made with adults and with children 
of school age, there is no reason to doubt the existence of visual 
eidetic phenomena. These arc believed by Jaensch (9) to be ten 
times as common as acoustic eidetic images. 


Previous Studies 

To the Marburg school of psychologists in Gcimany, under the 
leadership of E. R Jaensch, belongs the credit for arousing interest 
in eidetic phenomena and for making extensive investigations^ of 
visual eidetic imagery. Their experimental work has been done with 
children of school age and with adults Jaensch himself commonly 
chose, sahjects at least teiv years old (9). Roessler (191 examuaed 
children between six and ten years of age, his subjects are the 
youngest reported in any systematic investigation 
Allport (1) examined children from ten to 15 years old; Tcas- 
dale's (21) subjects were between ten and 14; Kluver (11, 15, 16) 
mentions no subjects younger than 11 years; Mcenes (18) worked 
with children of school age; GcngereUi’s (7) subjects wcie two gills 
of 11 and 15 respectively; Drummond (6) used chiefly adult 
psychology students, Tripp (22) tested children of 12 to 15, 

Antipoff (3) reported the spontaneous eidetic imageiy of her 
seven-ycar-old son, and Revesz (19) described the after-images of 
his preschool daughter. Downey (5) related the case of a four- 
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year-old boy who, though he was given no systematic examination, 
showed indications of spontaneous eidetic imagery This child is the 
youngest reported m the literature concerning eidetic phenomena 

In testing children between six and ten years of age, Roessler (20) 
found no coiielation, either positive or negative, between eidetic 
ability and geneial mtelhgence, his conclusion is in harmony with 
those ot other investigators Pie found eidetic phenomena in 40 per 
cent of his subjects, with no significant sex differences Reports of 
sex differences by other writers have been conflicting and incon¬ 
clusive 

Differences between Older and Younger Children 

Whether youngci cluldien differ from older children and from 
adults in the characteristics of their images is an interesting question, 
Eidctic imageiy is found mucli more frequently among childien than 
adults But at what period in childhood is it most frequently found 
and most vivid? Some wnteis have maintained that eidetic ability 
IS gieatest just before pubci ty. Allport (1) considers the period 
between 12 and 15 most favorable Jacnsch (9), howcvei, believes 
that eidetic phenomena aic more frequently found in younger chil- 
dien; and liis contention is supported by Roessler's study (20), 
u'hich indicates that eidetic ability is greater at six years than at 
the higher age levels. Tcasdalc (21), using subjects ten to 14 years 
old, found that frequency of eidetic imagery increases with age if the 
weaker foims of imagery aic included, but that stronger imagery is 
present in the youngei children 

It is possible that younger subjects differ from older subjects with 
respect to the colors in which the images appear. Allpoit (1), 
testing childicn between 10 and 15, states that positive eidetic images 
aie chaiacteristic of the younger subjects, but that older subjects tend 
to see eidetic images m colors complementary to those of the stimulus 
object Roessler's (20) subjects often experienced images that were 
neither positive nor negative. For example, the eidetic image of a 
black silhouette picture might be red or green or purple, 

Herwig (8) reports that of 30 boys whose after-images he 
studied, only 10 (average age, 15 years) had negative after-images, 
while 20 (.iveiagc age, 13 years) had positive after-images. Of 
those who were classed as having negative after-images, some still 
experienced positive images of red and green stimuli even though 
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their images of yellow and blue stimuli weie negative G. W. All- 
port (2) mentions an unpublished study by A L Allpoit^ in which 
43 children (aveiage age, 11 ycais) weic found to have negative 
after-images, U childien (average age, II years) achromatic aftei- 
images, and nine children (average age, nine years) positive after¬ 
images 

Nature of Eidetic Images 

Eidetic images occupy a position intermediate between aftei-images 
and memory images They differ from after-images in that they are 
commonly seen without fixation, are of more complex detail, may 
in some individuals be changed in detail, banished, or summoned, at 
the will of the observer, are sometimes seen in three dimensions; and 
are seen in positive colois by some individuals who see after-images 
in complementary colors. Moreover, eidetic images are said not to 
conform to Emmert's law, that is, they do not increase in size as 
the distance of the projection screen from the subject is increased 
Jaensch (9) considers positive after-images an indication of eidetic 
ability After-images of long duration and after-images that aie 
continuous, not coming and going inteimittcntly, are also considered 
by Jaensch to be signs of eidetic ability. 

Eidetic images diffei fronn mcmoiy images in that they arc out¬ 
wardly projected, literally seen. The subject, as he watches the pro¬ 
jection screen, may exclaim, "Now I see it. Now it's gone. Now 
it's coming hackr Very often the eidetic image is richer in detail 
than the memory image. 

The determination of whether a subject is describing an after¬ 
image, an eidetic image, or a memory image is, of course, a crucial 
point in testing for eidetic imagery The distinction is> peiliaps more 
difficult to make when the experimenter is working with very young 
subjects, Jaensch (9) has suggested that in young childicn, tending 
toward the "unitary type," the after-image, the memoiy image, and 
the eidetic image may be more closely related to each other, and 
more closely related to the perceptual processes, than is the case with 
adults In distinguishing between after-images and cidctic 
phenomena, the experimenter should note whether the subject fixates 
upon the stimulus picture, or whether he moves Ins eyes freely in¬ 
specting it. In distinguishing eidetic phenomena fiom memoiy 
images, the experimenter should note whether the “attention of tlic 
subject is directed outwaids,” with an "attitude of external localiza- 



EfDETfC IMACMRY OP PRESCHOOL CHILDREIJ 


171 


tion,” as Allport (1) says, and whether “eye tension” is present 
when the subject looks at his projected image on the screen, as Teas- 
dale (21) observes 

The eidetic image depends both upon a physiological element, in 
£0 far as it resembles an after-image, and upon a conceptual element 
m so far as it resembles a memory image (9). In selecting pictures 
to be used in testing for eidetic imagery, both elements must be con¬ 
sidered. The physiological conditions are satisfied by the selection oi 
pictures with simple, strong outlines; in most of the investigations, 
silhouette pictures have been used, sometimes (as by Teasdale) with 
the mam figures in black and the background in colors T)ie con¬ 
ceptual conditions aie satisfied by the selection of interesting, mean¬ 
ingful, rather complex pictures. In testing children, it is especially 
impfirtant to use pictures that attract the involuntary attention of 
the subject 

In some subjects, the physiological element dominates the eidetic 
image, so that it moic nearly resembles an aftei-image, in other 
subjects, the conceptual element dominates the eidetic image, so that 
It more nearly resembles a memory image Jacnsch (9) refers to 
subjects in whom the physiological clement dominates as the T-type, 
because he thinks their reaction related to a calcium deficiency, which 
in Its extreme degree is manifested m tetany He calls the subjects 
1/1 whom the conceptual element dominates the B-type, postulating 
in them a hyperthyioid condition, which in its extreme form becomes 
Basedow's (or Giavcs’s) disease His assumption ot these two con¬ 
trasted personality types as the cause of the obseived differences in 
eidetic imagery has been by no means completely substantiated by 
controlled investigation 

PunPOSB OF Experiment 

The purpose of the present experiment was to deteimme whether 
the tcclinique of testing for eidetic imagery could be succssfully 
adapted for use with picschool children. The experiment was under¬ 
taken as a preliminary study, with the intention of making moie ex¬ 
tended investigations if a satisfactory technique could be wozked out 

The investigators recognized the difficulty of making the test in¬ 
telligible to such young children, and the further difficulty of secui- 
ing reliable introspective leports from such young subjects Hotv- 
ever, children of preschool age can report accurately upon many 
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everj^day matters, and in nuisery schools It is customary to rely upon 
the children’s reports in carrying out the daily routine For ex¬ 
ample, children m nursery school can lemcmber at 12;30 wlicthcr 
or not they brought their pajamas with them at 8 30 They can 
often even tell wI»o had a toy fiist, in cases of dispute when the 
temptation to inaccuracy is great. Moreover, in the fitting of glasses 
for preschool patients, the oculist must rely upon the cliild’s intio- 
spective leport. If we can make a test for cidctic imageiy intel¬ 
ligible to preschool children, wc may expect from them leports com¬ 
parable m accuracy to the reports of older children The need of 
investigation with preschool children is evident from the fact that 
eidetic imagery has been found more frequently and in stronger 
degree among six-year-olds than among oldci childien (20) 

Subjects and Procedurb 

The subjects used in the present investigation were 20 children 
fiom the University of Texas Nursery School. Eighteen were en¬ 
rolled at the time tested; two were foimcr pupils. They ranged 
in age from 24 months to 64 months, the median age was 43J^ 
months. Both investigators weic well known to tl»e children ® The 
subjects were tested individually in a plainly furnibhed examination 
room familiar to the children No head rest was used. The clilld 
and the examiner (Peck) were seated on opposite sides of a low dull- 
finished table. The record-keeper (Walling) sat beliind the child 
The light came from windows at the back and to the left of the 
subject. Time was recorded with a stop watch. 

The pictures used in testing weic arranged in the order in which 
they were to be presented to the child, with sheets of giay paper 
between the mounted pictuies. After a picture had been exposed, it 
was slipped aside and a sheet of gray paper was left in place to seive 
as a projection screen, Tlie pictures and the projection screen were 
held by the examiner about fifteen inches from the subject. The 
objects were mounted on cardboard and exposed in front of the 
projection screen. 

Materials 

Two series of test materials wcie used, A period of several days 

Dr PecL as psychologist and Mias Walling ns research assistant in the 
nursery school 
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intervened between the first and the second testing. The pictures 
used in the first test series, though rather strongly outlined, were 
not of the silhouette type, and weie possibly more difficult than 
silhouette pictures because they did not appeal so strongly to what 
Jacnsch calls the "physiological component" of the eidetic images 
The stimulus-pictures and objects included; 

1. Fust Test Senes 

a Tests for after-images 

1) Two-inch red square to be fixitted 10 seconds. 

2) Two-inch red squaie to be fixated 20 seconds 

3) Seven-inch black silhouette of boy running, to be fixated 
15 seconds 

b. Tests for eidetic imagery 

1) Picture m colors (5x6}4 inches) of child mailing letter, 
street details in background, to be examined without 
fixation 20 seconds 

2) School scene in colors <5x6j4 inches), m foreground 
children arranging flowers in vase, in background child 
placing posters on wall, to be examined without fixation 
20 seconds 

3) School scene in colors (5x6j4 inches), in foreground 
children examining books, m background child writing 
on board and teacher assisting pupil, to be examined 
Without fixation 20 seconds. 

4) Red fire truck (3 inches long, \yi inches high, 1 inch 
wide, one wheel off, two firemen, to be examined without 
fixation 15 seconds. 

5) Silver airplane (4 inches long, 1)4 inches high, 5 inches 
across wings), three purple propellers, one broken, to 
he examined without fixation 15 seconds 

2. Second Test Sertef. 

n. Tests for after-images. 

1) Two-inch red circle, to be fixated 20 seconds, 

2) Three-inch black silhouette of bear, to be fixated 20 
seconds. 

b Tests for eidetic imagery 

I) Black silhouette (3)4x4^ inches) of two children and 
witch in forest—copy of picture used by Roessler (20) — 
to be examined without fixation 30 seconds. 
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2) Black silhouette (3j4x4% inches) of giil reading, room 
detail in background—copy of picture used by Roessler 
(20)—to be examined without fixation 30 seconds 

3) Silhouette in black and red (4x5 inches) of boy picking 
flowers, girl carrying flowci basket and umbtella, to be 
examined without fixation 30 seconds. 

Directions to Subjects 

The children were invited to tlie examination room by the ex¬ 
aminer "to look at pictures.’" All came willingly. Before the test, 
the examiner, in a preliminary discussion, attempted to explain to 
the child the possibility of seeing things not really present After 
the child was seated at the table, he was asked, “Do you know that 
sometimes we can see things that arc not really there?” Since ncaily 
all the children liad recently attended a circus, tlie examiner gen¬ 
erally proceeded, ‘'When you think about the elephant at the circus, 
can you see him, see just how he looked? Can you look up here 
(at projection screen), and sec him right here?” If the child had 
not attended the circus, he was asked, "Can you think about your 
mother (or baby sister), and see her?’* If the child said he could 
not "see" the things he was thinking about, he was told, "Maybe you 
could learn Wouldn’t that be fun?” Most people can learn to 
fixate well enough to experience after-images 

After the preliminary discussion, the examiner said, "Now I'm 
going to show you some pictures. I’ll show you one for just a little 
while, then take it away, and we’ll find out whether you can still see 
It after I take it away." Jaensch (9) suggests telling the child that 
"something must be seen,” but in the present investigation so positive 
a suggestion to the subject was avoided. 

In testing for after-images the examiner said, "I'm going to show 
you a colored block (or ball). Look right at the dot m the middle of 
it. Look at it hard. Don’t look at anything else. Just look at the 
dot as long as I show you the picture [Stimulus-picture removed.] 
Now can you see anj'thing? What do you sec? What shape is it? 
What color is It? Can you put your finger on it ? Can you lun your 
finger around the edge and show me how big it is ^ Is it still there, 
or IS It gone? The last named question was asked ficqucntly, .ind 
was, in practice, inteipolatcd repeatedly between the othei quest 
tions, Moreover, the child’s expression and attitude wcie closely 
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watchpcl to note whethci lie jcallv appeared to be looking at some¬ 
thing externally projected 

In testing for the after-image of a simple silhouette, the examiner 
said, “Now I’m going to show you a leal pictuie Look at it tlic way 
you did at the block (or ball) Look" at it hard, and don’t look at 
anything else Look right at the boy's hand (or the hear's eye) 
[Stimulus-picture jcmoved] Can you see anything now? What 
do j'ou sce^ What coloi is it’ What is he doing’ Is it still there, 
or is it gone?” 

Short rest periods wcie given between pictures. Before the 
testing foj eidctic imagery was begun, the examiner explained, 
"There will be lots of things to see in tins picture. Look at all the 
tilings in it. Look around at cvciything in the picture" After the 
stimulus picture was removed, the examiner asked, "Do you see any¬ 
thing? What do you sce^” and then asked such other questions as 
the child’s answers suggested; foi example, “What color is the girl's 
coat'' What is she domg^ What else do you sec’ Do you still see 
somctliing, or is it gone’" 

The 5»uggestibilitv of the subjects was studied by comparing the 
answeis to the question, "Is it still there, or is it gone?" with the 
answers to, “Is it gone, or is it still there’” The children did not 
appear to eciio the answer last suggested If the subject did not 
lepoit an image immediately aftei the removal of the stimulus-picture, 
he was told, “Keep looking Maybe in a moment you will see it.” 
For some individuals there is a short “latent period” between the re¬ 
moval ot the stimulus and the appearance of the image If the 
subject did not lepojt any images with eyes open, one picture was re¬ 
exposed, and the subject was instructed to close hrs eyes aftei the re¬ 
moval of the pictuie, to determine whether an eidetic image could 
be obtained under these conditions 

Records 

Tlie time-keeper lecorded eveivthmg the subject said, and noted 
also tile explanations and questions given by the examinci The dura¬ 
tion of an image wav consideicd to be the time elapsed between the 
child’s first repair of the image and his icpoit of its disappearance 
In only one c.ise iv.is the image said to disappear and tlien to leap- 
pear In analyzing the lecords to find the number of details 
enumerated in an eidetic im.ige, the investigators counted as details 
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( 1 ) objects. (2) colors, (3) action, (4) spati.il oiientation. The 
subject was not credited with having an cidetic iin.igc unless details 
could be pointed out This Is a more rigid intcrpict.itioii than that 
sometimes given by pievious investigatois, some of whom (12) ii.ivc 
regarded the repoit of colois witlwut detail as an indication of 
eidetic imagery of a weak or "latent^* type 

Results 

Aftet-lmages. In the fiist test senes, aftci-images weie reported 
by II (55 per cent) of the 20 subjects, and in the second test sciies, 
by 17 (85 per cent) of the subjects. Every child who experienced 
aftei-imagcs in the first test also lepoited them in tlie second test. 
At the time of the second seiics, the examinei demonstrated tlic 
technique of fixation to those children who had failed to get aftci- 
iinages in the first senes The dcmonstintion seemed to impicss the 
childten with the fact that "you have to look right at it all the time,” 
and SIX of those who had failed to fixate steadily cnougli to get aftei- 
imagcs m the first testing succeeded in the second sciics 'Die onJy 
children failing to get .iftei-imagcs in the second testing wttc .i vciy 
near-sighted little giil, and two boys undei thicc veins of age whose 
attention was at best lathei fluctuating 
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FIGURE 3 

Examining Dktajlj of Image 



InCIDE KCE AMD CHARACTfcRlSnCS OF AFTEa-IVlACES _ 

First scries Second senes 
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Table 1 summarizes the data concerning the after-images of the 
individual subjects. The intelligence quotients given arc from tests 
with the Minnesota Preschool Scale The duiation of each image Is 
stated in seconds. Positive coloring is represented by the plus 
sign (+)i and negative coloring by the minus sign (—). Colors 
other than positive or negative are given by name. In cases where 
the image changed m color, the changes are indicated in order of oc¬ 
currence 

Table 2 summarizes the data concerning the duration and color¬ 
ing of the after-images The fact that two-thirds of the images 
were positive, and nearly one-fifth in colors other than positive or 
negative, indicates the possibility that these were really eidetic images 
and not true after-images Jaensch (9) suggests that young children 
tend toward the “unitary type" with eidetic images and aftei-images 
closely related to each other. The question of whether the subjects 
were familiar with the names of colors must bo considered, especially 
since the naming of colors is placed at five years by the Stanford- 
Binet (which is generally, however, considered too easy at the pre¬ 
school levels) The children’s knowledge was checked with the 
color tests from the Minnesota Preschool Scale (Forms A and B) 
and was found to be accurate to the extent that each child who 
reported an after-image or an eidetic image knew the stimulus color 
and knew accurately whatever color he reported m his image. In 
nursery school, the children's attention had been rather frequently 
directed to the naming of colors 

Ktdettc Images. Ten children (50 per cent of the groups) re¬ 
ported eidetic images m the first test series, and only the same ten 
reported such images in the second series None of the six children 
wlio, in the second testing, learned to fixate for after-images reported 
eidetic images All the eidetic subjects looked at their projected 
images on the screen None of the subjects who failed with eyes 
open succeeded in getting an image by closing the eyes after the 
icmoval of the stimulus Table 3 summarizes the data concerning 
the eidetic images ot the individual subjects 

Table 4 summarizes the data concerning the duration, the details, 
and the coloring of the eidetic images The images resulting from 
the presentation of stimulus-objects did not differ significantly from 
those resulting from stimulus-pictures; consequently, the data con- 
ceining all the eidetic images are combined in the table. 
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Reliaoiuty of Technique 

The reliability of the technique used may be evaluated’ (1) by 
noting the consistency with which the two parts of the test dis¬ 
tinguish the eidetic from the non-eidetic subjects, and (2) by cor¬ 
relating the ranking of the eidetic subjects jn the first test series with 
their ranking in the second test series. The test is consistent in 
distinguishing the eidetic from the non-eidetic subjects, as the same 
ten children reported eidetic phenomena in each test series 
The relative ranking of the ten eidetic subjects may be determined 
by either of two criteria: the total number of details reported in the 
images, or the total duration of the images These two methods of 
ranking the subjects correlate quite highly with each other. In the 
first test series, the correlation between number of details and dura¬ 
tion of images is 95±.02; in the second senes, 88±.04. How¬ 
ever, richness of detail is generally considered the best criterion of 
the strength of eidetic imagery (12) 

When number of details is used as the criterion for ranking the 
cjjletic subjects, the correlation between the first test series and the 
second is 75± 09 When duration of images is used in ranking the 
subjects, the correlation between the two parts of the test is 48±.16 
The correlations between the parts of the test are summarized in 
Table 5 


TABLE 5 

Correlations Between Parts or Test 
(10 eidetic subjects) 



1st variable 


2nd variable 

r PE, 

(1) 

Number of details in 

(1) 

Duration of images 



first series 


in first series 

95 ±02 

(2) 

Number of details in 

(2) 

Duration of images 



second senes 


in second senes 

88± 94 

(3) 

Number of details in 

(3) 

Number of details in 



first scries 


second scries 

75± 09 

(+) 

Duration of images 

<+) 

Duration of images 



in first series 


in second series 

48± 16 


Correlations with CA and MA 

The number of subjects in the present experunent is too small to 
permit any statistical comparisons of the incidence and richness of 
eidetic imagery at the vsiious pieschool age levels However, the 
correlation between chronological age, and either number of dc- 
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tails leportecl or duration of images, is positive, as indicated in 
Table 6. While the figures based on so small a number of subjects 
can be only suggestive, it is mteiestvng to note that the coi relations 
with age are decidedly lower for the second test senes than for the 
first series or for the total test The second senes of stimuli con¬ 
sisted of silhouette pictures that appealed more strongly to what 
Jaenscli calls the ‘'physiological component” in eidetic imagery than 
did the stimuli used m the first series Peihaps this ‘‘physiological” 
factor in eidetic imagery is less dependent on age than is the ‘‘con¬ 
ceptual component” also mentioned by Jaensch. 


TABLE 6 

CORRFIATIONS OF ElOETIC IMAGERY WITH AOE 
(10 eidetic subjects) 



Chronological age with: 
Petails Time 

Mental 

Details 

ngc with 

Time 

First series 

.5S±.14 

.4I± 17 

.74±,09 

.70± 10 

Second senes 

I7±21 

.00 

S6± 14 

32± IS 

Total test 

.4I±17 

.43=!:.I7 

.74± 09 

.72±.10 


The correlation between mental age and either number of details 
reported or duration of images is also positive, and is lower for tlie 
second test series than for the first series or for the total test Ex¬ 
perimenters using older children and adults as subjects have found 
no correlation between general mental ability and eidetic imagery, 
KoweveT, diffescnwa in mental age may affect the perfoTmance of 
very young children in a test for eidetic imagery more than similar 
diftercnces would affect the performance of older subjects. A certain 
minimum of mental ability is necessary in order to keep the directions 
in mmd and to concentrate attention on the task. 

Comparison of Preschool with First-Grade Group 
A comparison of the preschool with a first-grade group was made 
possible through the cooperation of Miss Mary Clare Petty,^ who 
used the first scries of test material with 45 first-grade pupils Her 
subjects averaged 80 months of age, 36.5 months older than the pre¬ 
school group. After-images were reported by 86.6 per cent of her 
subjects, as compared with 55 per cent of the preschool subjects 
(85 per cent of whom, however, reported after-images on the sec- 


*Miss Petty’s study, now in progress, la an investigation of certain factors 
(including eidetic imagery) affecting the reading readiness of first-grade 
children 
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ond testing) The duration of the images was decidedly longer for 
the preschool group, 66 seconds as compared with 14 seconds While 
the majority ot the after-images reported by the preschool children 
were positive, nearly all the first-grade children reported negative 
images Positive and achromatic images were, however, mentioned 
by a few of the school group 

As indicated in Table 7j 42.2 of the first-grade children reported 
eidetic imagery The figure corresponds closely to that (40 per 
cent) found by Roessler foi children of six to ten years. It is 
slightly exceeded by the preschool group, 50 per cent of whom re¬ 
ported eidetic imagery Of the 19 eidetic subj'ects in the first grade, 
only seven were able to project all their images on the screen; nine 
experienced all their images, and three part of their images, with eyes 
closed The duiation of the images was longer for the preschool 
subjects, 53 seconds as compared with 26, and the number of details 
enumerated was slightly greater, 4.6 as compnied with 4.1, In both 
groups the coloring was positive, except for a very few achromatic 
images. 

Individual Variations 

There was wide individual variation, both in the duration of the 
eidetic images and in the number ot details leported Among the 
first-grade children, the range for time was from 2 to 105 seconds, 
and for details from one to eight. Among the preschool children, for 
the same test series, the range for time was from 3 to 300 seconds, 
and for details from one to twelve 

The best individual subject in either group was a child 58 months 
old, preschool subject number 19 (in Tables 1 and 3) In the first 
testing, her first after-image lasted 423 seconds; the second stimulus 
for after-images was omitted, the third after-image was interrupted 
at the end of 300 seconds, and the child’s attention distracted, to 
avoid undue fatigue. Her first eidetic image m this series was also 
arbitrarily interrupted at the end of 300 seconds; the otliers lasted 
151, 132, 150, and 78 seconds. The details of the eidetic images 
numbered 11, 12, 10, 5, and 8, respectively 

In the second testing, no interruptions were made, and, although 
the subject showed fatigue, she insisted that she wanted “to see all 
the pictures ” Short rest pciiods were given Her two after¬ 
images lasted 559 and 673 seconds, and the three cidetic images 431, 
67, and 221 seconds The details of the eidetic images numbered 
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*85 per cent of the preschool group reported after-images in the second test serii 



EIDETIC IMAGERY OF PRESCHOOL CHILDREN 


187 


13, 10, and 8, respectively The coloring of the after-images varied, 
including positive, negative, and also othci colois The eidetic 
images were all positive, except for the intioduction of green in one 
image of a black silhouette Hei reactions to tests for Emmert’s 
law also varied. Both after-images and eidetic images seemed to 
function contrary to Emmert*s law when first seen, but to follow 
Emmejt’s law as they became weaker. 

The definite way in which she enumeiated details and pointed 
them out on the blank screen on which she was projecting her 
image is indicated by the following quotation from the records made 
at the time of the test. 

Yes, I can see it It’s black and white Two little boys and 
one man, n tree and a bird, and some leaves and grass. 

(Color of boys?) Black (Where la old man?) He’s on the 
steps He has his hat on (Still see bird?) Yes, he’s sitting 
on the tree right there (pointing) (Leaves?) One here and 
one here and here and one here (pointing) (How does chil¬ 
dren's hair look?) It’s straight, with one little curl on each 
one's head, right here (pointing). 

The image lasted seven minutes, eleven seconds It at first ap¬ 
peared contrary to Emmert’s law, increasing in size when the screen 
was brought closer, decreasing when the screen was moved away, 
bur a few minutes later it conformed to Emmert’s law 

Hei imageiy seemed to be of the “physiological” type in that she 
appeared to have no control over the duration of the image Though 
she plainly showed fatigue, when her images lasted five minutes or 
longer, she patiently propped her chin upon her hands, eyed the 
screen steadily, and reported wearily at intervals, “It’s still theie.” 
In contrast, subject 10 appealed to be of the “conceptual” type in 
that he impressed the experimenters as being able to banish his image 
at will He seemed to look at it as long as he found it interesting 
and then dismiss it Subjects 19 and 10 both manifest marked con¬ 
centration and perseverance in their play activities. TJie little boy 
appears to be aware of his spontaneous imagery, and to play con¬ 
sciously with his images 

Summary and Conclusions 

The investigation reported is an experimental study of the visual 
eidetic imagery of a group of prewhool children Tile purpose of the 
experiment was to determine whether the technique of testing for 
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eidetic imagery could be successfully adapted for use with preschool 
subjects. The investigation was undertaken as a preliminary study, 
with the intention of making more extended investigations if a 
satisfactory technique could be worked out. The investigators recog¬ 
nized the difficulty of making the test intelligible to young children, 
and the furthei difficulty of securing intiospective reports from such 
young subjects However, the need for experimentation with pre¬ 
school children was evident^ since no organized study had previously 
been made of the eidetic imagery of a preschool gioup. 

The piescnt investigators experimented with 20 nursery school 
childrcoj ranging in age from 24 to 64 months, with a median age 
of 4V/i months. Two senes of stimulus-pictures and -objects were 
shown to the subjects. The subjects were tested first for after¬ 
images and then for eidetic images. Fifty-five per cent of the chil¬ 
dren reported after-images duimg the first testing During the 
second testing, after the technique of fixating had been demon¬ 
strated, 85 per cent reported after-images. Two-thirds of the after¬ 
images were described as being in positive colors, with the re¬ 
mainder negative, achromatic, or in other colors. It is possible that 
many of the presumed after-images were really eidetic images, 
especially since, according to Jacnsch, young children are more likely 
to be of the “unitary type” The average duration of the after¬ 
images was 66 seconds for the first test senes and 71 seconds for the 
second 

The technique used in testing for eidetic imagery consistently dis¬ 
tinguished between eidetic and non-eidetic subjects, as the same ten 
children reported eidetic imagery in each of the two test senes The 
correlations between duration of images and number of details 
enumerated were high: 95± 02 for the first series and .88±.04 for 
the second The correlation between the two parts of the test was 
75±.09 when number of details was used as the criterion for rank¬ 
ing the eidetic subjects, but only 48± 16 when duration of images 
was used as the criterion. 

The eidetic images were m almost all cases positive In the first 
senes, the average duration of the images was 53 seconds, and the 
average number of details was 4.6, in the second series, the average 
duration was 56 seconds, and the average number of details was 4 8 
Positive correlations were found between rank on the tests for 
eidetic imagery and both chronological age and mental age, the 
correlations with mental age were higher than those with chrono- 
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logical age The correlations with age weie lower for the second 
test series than for the first senes or for the total test, possibly be¬ 
cause tile stimuli m the second series appealed more strongly to the 
so-called “physiological component’* of eidetic imagery 

The records of the preschool subjects on the first test series were 
compared with those of a gioup of 4-5 first-grade children, averag¬ 
ing 80 months in age After-images were less frequently found 
among the preschool children (in the first test series, that is), but 
weie of longer duration, 66 seconds as compared with 14 seconds, 
The after-images of the school children weie predominantly negative, 
while two-thirds of the after-images reported by the preschool 
group were positive. 

Eidetic images were more frequently found among the preschool 
subjects (50 per cent as compared with 42.2 per cent), and were, 
moreover, always experienced with open eyes by the preschool chil¬ 
dren, while two-thirds of the fiist-grade children who experienced 
eidetic images did so with eyes closed. The duration of the images 
was longer tor the pieschool group, averaging 53 seconds as com¬ 
pared with 26 seconds for the first-grade childien. In both groups, 
the coloring was positive, except for a very few achromatic images. 
The average number of details was 4 6 for the preschool children 
and 4.1 for the first-grade children. 

The results of tliis preliminary study seem to indicate that the 
technique of testing for eidetic imagery can be adapted to the under¬ 
standing of preschool subjects and that the results of such testing are 
reliable In the small groups tested, eidetic imagery was found more 
frequently and in stronger degree among preschool than among 
school-age childien. Further investigation with preschool subjects is 
needed The authors of the present experiment have already begun 
work upon several phases of more extensive and also more analytical 
investigation. 


Problems for Further Investigation 

The preliminary study has suggested a number of problems which 
the writers hope to investigate. 

1 A more analytic study of preschool subjects known to be 
eidetic, using apparatus that permits automatic control of exposure- 
time and of distance, so that the operation of Emmert’s law can be 
more carefully checked than was possible in the present Investigation, 
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and so tliat such problems as the density of the image, the effect of 
different colors in the stimulus, and the reappearance of the image on 
successive days, can be studied more objectively 

2 A statistical compaiison of eidetic phenomena at the various 
preschool age levels, with an adequate number of subjects. 

3. A compaiison of the imagery of young children of various 
racial groups 

4 A study of parent-child similarity in imagery. 

5 A study of the lelation of the alleged psvchophysiological 
diffeicnccs in eidetic tj'pes (T-type and B-type) to diffeiences in 
body chemistry 

6 Investigation of the theory that m very young children of the 
"unitary type” eidetic images, after images, and the perceptual 
processes are closely related. 

7 A icexamination of the theories of color vision, in the light of 
evidence oftcied by the various investigations of the after-images 
and eidetic images of children 

8. A study utilizing records, made with the eye-movement camera, 
of eyc-movements during the examination of the stimulus and the 
projection of the image. There is no evidence at present that indi¬ 
cates to what extent eidetic imagery depends on the chemical re¬ 
action of the retina and to what extent it depends on eye movements. 

9 An investigation of the relationship, among adolescents, be¬ 
tween eidctic ability and literary appreciation as measuied bv 
standardized tests 

10 Investigation of the various kinds of eidetic imagery other 
than the visual 
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UNE ETUDE PRELIMINAIRE DES IMAGES EIDETIQUES DES 
ENFANTS DE L’AGE PRCSCOLAIRE 
(R68um6) 

L'lnvcstigation rapportic est une dtude cxp4rimentale dcs images visucllea 
eid6tjquta d’un groiipe tie vmgt eldvcs d'une ecole matcrnellc (nursery 
school), ages cn moyenne de 43J4 mois Le but a etc de d6terminei, avant 
les investigations possibles d’une nature plus ctendue, si la technique de 
tester pour les images eidctiques poiirrait Stre adaptee avec succ^s pour 
I’usage avec les sujets d’age prescolaire Le besom de I’pxpdrimentation a 
et6 Evident pmsque I’on n’a fait auciine etude organises de cette sorte 
auparavant 
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Dans chncune Ac deux sSnes de tableaux et d’objets de stimulus, il y a 
eu premifirement un test pour lea images coDs6cmives et ensuite pour Ics 
images eicl^titiuea. Dea images consicutives ont dtd rapportees par la 
pliipart dea aujets, ont positives eO deux tiers des cas, et otit dure 68 
secondcs en moyenne Dcs images eiditiques ont 6t6 rapportees par la 
moitii des enfants, out positives pour la plupart, ont durd S4 secondes 
en moyenne, et ont contenu 4,7 details en moyenne On a tiouve dea 
correlations positives entre Ic rang dea images cidctiquea ct les 5gea et 
chronologiquc et mental. Compare d un gronpe dc 45 6Ifivc8 de la premiere 
annie de I’icolc ^Umentairc, le groupe priscolaire a montr6 les images 
eiditifiues plus fr^qiiemmcnt ct k un plus haiit degr6. Les rcsuitats sem- 
blent Indiqiicr que U technique de tester pour les images etd6tiques pent 
etre adapt6e pour les sujets d’Sge pr6scotairc et que les tests sont validcs. 

Peck Waluno 


EINE VORUNTERSUCHUNG DER EIDETISCHEN ANLAGE BEI 
VORSCHULPFLICHTIGEN KINDERN 
(Referat) 

Diese Untersuchurg ^ist em cxpenmentelles Studiiim der eptiscben 
Anschauungsbilder bei einer Gritppe von 20 Klnderstubenkindein im Purch> 
achnittsalter von 43^ Monaten. Diese Dntersuchung zielt darnufihin, die 
Bestimmiing zur weiteren Unterauchung zu macben, ob sicli diese Methode 
fur eidetische Anschauungsbilder zum Gebrauch bei vorachulpfichtigcn 
Kindcro anwenden Usst. Die Notwendigkeit solcher Vcrsuche war augen- 
fSllig, da keine solche Untersuchung dieser Art vorher gemacht worden ist 
In jeder von zwci Reihen von Reizbildern imd Objekten wurdc zunachsl 
fur Nachbilder und dann fur Anschauungsbilder gepriift, Nachbildcr vvur- 
den von der Mehrzahl dcr Vpn aagegebeD; diese wnren positiv in zwei 
Drittei der Falle und dauerten im Durchschnitt 68 Sekunden, Eidetische 
Vorstellungen wurden von dcr Halfte der Kinder angegeben; diese waren 
meist positiv, dauerten im Durchschnitt 54 Sekunden und enthielteti im 
Durchschnitt 4j7 Details Positive Korrelationcn wurden zwischen dem 
eldetischcn Kang und sowohl dem chionologischen wie geisiigen Aker fest- 
gcstellt Im Vergleich zu emer Gruppe von 45 Kindern der ersten Stijfe 
(first grade) wies die vorschulpflichtigc Gruppe Anschauungsbilder haufiger 
und zu ^einem starkcren Grade auf. Die Ergebnisse scheinen darauf 
hinzuweUen, dass die Methode zur Untersuchung der Eidetik auf vorschulp- 
flichtige Kinder angewandt werden kann und dass die Tests zuverlassig sind 
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ON THE PROBLEM OF “ALL FOURS” LOCOMOTION 


David M Levy and Simon H. Tulchin 


In collecting material for his study of Gbildien PFho Run On dll 
Fours (4) Hidlicka has opened an interesting problem on this phase 
of human locomotion His method consisted in gathering data 
through letters from parents. It is a “correspondence lesearch” 
and natuially suffers from the type of data offeied Nevertheless, 
the wealth of instances of this type of behavior, often with photo- 
giaphs, has confirmed Hidlicka in his conclusion that walking on 
all fours IS “a weakened but apparently still a continued inhciitance 
from the prehuman past” (p. 17) 

There are a number of facts gathered by Hrdhcka that weaken 
his theory. There is. for example, a sex diffeicnce “All fours 
walking” occurs more frequently in males, in the proportion of 
three to two, a point Hrdhcka explains on the basis of “greater 
muscular strength and activity of the male child ” But the phenome¬ 
non occurs more frequently among first born, for which this explana¬ 
tion cannot hold Hrdhcka makes the blanket assumption that it 
occurs more frequently among ncgioes (although lie has received 
only a single record from an American negro) He believes their 
meager response was due chiefly to lack of education. 

Our thesis IS that the phenomenon of walking on all fours may be 
explained more r.T,tionaIly by factors other than “phylogenetic persis¬ 
tence,” namely (1) spasticity of the Ic^, however mild, due to 
organic disturbance of the central nervous system, most frequently 
tlirough birth trauma, (2) a transition stage between creeping and 
walking, when standing oi the ability to stand occurs simul¬ 
taneously 01 in close iclation with ueepmg. This stage is 
related to the problem of maturation Like the first condition, 
it would tend to keep the legs in extension duilng the creeping stage 
(3) A third source, piobably infrequent, is derived from regressive 
behavior in infants who, after a short period of walking, return to 
cieeping, though with legs in paitial exten’yon, when an illness inter¬ 
venes, or in response to psychic regiession 

*Accepted for publication bv Cail Miircluson of the Editorial Boaid and 
received in the Editorial Office, February 6, 1935 
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That spasttcitv is a iactor may be inferred theoietically from 
Hrdlicka’s own matciial Take, for example, the sex difference. 
Of his 369 instances, the proportion of males to females is three to 
two This IS in keeping with the greater probability of spasticity in 
male infants, as is well known In Sachs and Peterson's tabulation 
of 225 cases of infantile ceiebral palsy, the pioportion is also about 
three to two—134 males to 9l females <5). A significantly large 
number of fiist borns of both sexes ate found Tins difference also 
HrdUcka explains in terms of muscular and nervous vigor But the 
greater susceptibility to spastic palsy among first borns among pnmi- 
para seems a more consistent explanation (2, 5, 6). Furthermore, 
Ins percentages of "all fours” decrease with the later born, as also 
m spastic palsy He mentions (p 87) “a cutIous coincidence” m 
children who walk on all fouis as walking on tiptoes This, of 
course, may be related to spasticity He cites nine cases m which 
this occurs and in two instances tlie tendency continued while walk¬ 
ing. The knee is described as stiff in nine instances, i e., the legs 
are kept in the extcnsoi position Further evidence of the theory 
that spastic palsy may explain a number of his cases occurs on page 
275, a history of birth injury; page 276, peculiai spells, page 304, 
retardation in sitting alone until nearly twelve months; page 306, 
evidence of mental deficiency. In the instances enumerated, tlic 
symptoms of delayed development, mental deficiency, birth injury, 
cpileptic-like seizures, arc points chat favor the diagnosis of spastic 
palsy. 

The relation of birth injury to minor problems of neuio-muscular 
coordination has naturally received less attention than the clear-cut 
pictures of infantile spastic palsy. Recent studies indicate that 
hemorrhage in the skull is a fiequcnt result of the birth piocess, and 
that "m infants born dead or dying soon after biith, one of the com¬ 
monest lesions is a hemorrhage ovei the convexity near the midline 
so situated as to compress the leg center” (2) Consequences m 
the form of gross lesions of the central nervous system are fortu¬ 
nately infrequent As compared with them, relativelv minor effects 
revealed clinically in clumsiness, slight spasticity, and the like, yet 
without well-defined clinical features, may be a more frequent find- 
They may occur in children wliose general picture of good 
health and strength corresponds to that of many of the child len in 
Hrdlicka's group, 
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Any factor that favors extension of the legs has the following 
possible eftects on the piogress of locomotion By interfering with 
flexion at the knee it may (/r) prevent the knee-li,md crawl (creep¬ 
ing) and (i) help retain the earlier stage of “hitching,” le, pro¬ 
pelling the body forward by hands or elbows (with either no as¬ 
sistance from the extended lower limbs or a pushing action of the 
feet against tlie floor), oi other forms as rolling, twisting, buttock 
propulsion m sitting position forwards or backwards (c) It may 
cause the hand-foot crawl (“all foms” locomotion) or (d) the 
crawling (hitching) or creeping stage may be eliminated entirely so 
that standing and Walking occur rvithout these preliminary stages 

It IS not argued that all the variations enumerated are due to spas¬ 
ticity, merely that if spasticity of the legs is present, it must neces¬ 
sarily favor them An example of a frequent type of neurologic 
picture in which spastic palsy may be diagnosed only by inference js 
best taken from the group of mentally retarded. We are selecting 
one of these in which the parents had moving pictures of the child 
when It walked and ran on all fours. The patient, a girl and an 
only child, was examined at 22 and at 28 months of age. In both 
studies, according to the developmental scale of Gesell, she was 
retaidcd about 12 months When first seen, locomotion was in the 
form of walking, “all fours” creeping and buttock crawling (pro¬ 
pelling buttocks forward in sitting position, using the liands to aid in 
lifting the body and the feet, as a forward brace) and walking occa¬ 
sionally on her toes (The period of all fours locomotion occurred 
at about 13 months of age and is still occasionally present.) The 
findings favoring an inference of spastic palsy are the following* 

(1) the infantile extensoi reflexes of the big toes aie still present, 

(2) occasional athetotic movements of the fingers, (3) slight ataxia, 
(4) walking on toes, and (5) (a) history of a “torpoi” during the 
fiist six months of life, (l>) developmental delay, (c) a difficult laboi 
in a pnmipara age 31, though without forceps. 

Tile patient described may give the impression of a very obvious 
case of 01 game disease Nevertheless, she presented no gioss evidence 
of spastic palsy The neurological evidence m the case was limited 
enough, though clear In the case to follow, that of an apparently 
healthy, stiong and bright boy of 8 yeais, the evidence is still more 
of an inferential quality Nevertheless, his period of “all fours” 
locomotion seems logically lelated to some disorder, however mild, 
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of the central nervous system The patient was refeired because of 
Ins difficulty in learning to read. He was the second of two chil¬ 
dren, born with the aid oi W brceps aiter a severe labor He 
was a very active, restless baby, and slow m his development First 
tooth appeared at one year, at which time he started to creep on 
hands and feet. The mother states. "His legs would be stiff and 
not bent at the knees” He stood m his ciib at 10 months of age, 
two months before the "all fours” walking “At 16 months when 
he started to walk he ran across the room " Physical examination 
revealed slight exteinal strabismus of the left eye, inequality of knee 
jerks, a crossed Babinski, slight incoordination, jeikmess of fingers, 
and general clumsiness m handling fine objects 

The cases cited might be duplicated many times They point to 
the possibility of an organic explanation foi a number of Hrdlicka's 
cases. Fiirtliei data may be gathered on the early problems of loco¬ 
motion in children with well defined spastic palsies, but the examples 
cited at least indicate a strong probability that the “all fours” 
phenomenon may be due to organic factors that favor extension of 
the lower limbs 

A second source of the "ail fours” locomotion is derived thcoieti- 
cally from differences in the late of maturation Such diffeiences 
are in turn related to functional facilities in locomotion. An infant, 
for example, may stand up in his crib before he is allowed to have 
access to the floor If such an infant is given fiee oppoitunitics to 
move about c»n the floor after standing with support has been accom¬ 
plished, wc would expect variations on that account in the creep¬ 
ing and crawling pntterns The gi eater the infant’s facility in 
standing, the more likely, under the circumstances described, would 
extension at the knee tend to appear in the creeping pattern. This 
may be stated also in terms of the age of the infant The older the 
infant when it begins to stand, the more likely (if creeping follows) 
will it tend to keep the legs in extension (i.e, "m readiness for 
walking.”) This statement is based on observations that maturation 
per se is of special importance in locomotor progress (3) Our own 
findings indicate that the older the infant at the onset of standing, 
the sooner is it likely to walk, regardless of other considerations 
The second case cited is m point. Besides spasticity, the problem of 
maturation complicates the picture since the boy stood up at 10 
months, some time before he began to creep 
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The locomotor pattejn typically piogiesses liom crawling (pio- 
pulsion with toiso touching the floor), to creeping (piopulsion with 
raised torso), to standing, to walking (1) In healthy children 
factors iiiterfeiing with the usual progress of these patterns have to 
do with paiental interference with crawling, hampering clothing 
(especially the long baby dresses of the past generation), piolongcd 
confinement to the cub, and obesity Indeed, (unlike Hrdlicka) ive 
would infer tliat m piimitive or other gioups in which locomotor 
activity IS fiee, tlie typical piogrcsston w’ould be found more fre¬ 
quently than in the uiban population 

Data on the age of onset of locomotor patteins, based on the 
mothei's memory foi events yeais past, suffer naturally in accuiacy 
Some years ago we utilized the facilities of Better Baby Shows 
in the county fans of Illinois for several studies, among them the 
collection of observations and lecoids of the walking stages. We 
had the advantage, thiough physical examinations, of selecting pre¬ 
sumably healthy children, of inquiiing about onset only foi the 
infants under observation and of cliecking the mother’s memory 
thiough comparison with a gioup of children m whom the onset of 
the pattern occurred within a month of oui own observation of it. 

In the two tables following, dates of onset aie given by age in 
months for standing and walking The second table contains a 
selection of data from the first, in which the pattern of locomotion 
desciibcd began within a month of the day of observation It is a 
check on the reliability of data in Table 1 

The next table that follows designates intervals in months be¬ 
tween certain earlier stages of locomotion and the final stage of 
walking It was tabulated from a rather small number of cases 
in which accurate data both on the early patterns of locomotion and 
the date of onset of walking without support weie available. It 
shows that the “all fouis” creeping is closer to walking than the 
other foims Since we know that the interval between standing 
(with support) and walking (without support) is just about three 
months, the progression of patterns goes in the order ciawling, hand- 
knee creeping, hand-foot creeping (all fours), standing. 

That maturation per se is a factoi deteimining the length of time 
inteivening between progressive patterns of locomotion may be 
demonstrated in Table 4 It shows generally that the older the 



200 


D. M LBVY AND S. H. TULCHIN 




cnrri«ntMC')r<lC>) t^i-H 


•-< *0 ^ >T »A 



Total No of cases 



“a-ll fours” locomotion 201 

infant when it begins to walk with suppoit the sooner will it leacli 
the stage of walking without support 

The “all fours” pattern occurs much more frequently than is gen¬ 
erally supposed In the study of ciawUng and creeping actually 
observed in the Bettei Baby shows, and m which detailed notes were 
available, we found it eleven limes, and m a modified form (two 
hands—foot-knee creeping) three times; ie., fourteen instances in 
83 infants,^ This ficquency is not surprising The “all fours” pat¬ 
tern, when It appears, is part of an orderly piocess in locomotor 
progression, between the ciceping and standing stage. Evidence of 
the frequency of the “ail fours” pattern completes the data relating 
to the second point of oui thesis, n.nmely, that the pattern is a 
transition stage between creeping and walking, and is brought out 
in healthy childien through the process of maturation, so timed tliat 
the ability to stand and the creeping stage aie closely related m time 
The fact that the phenomenon is not infrequent also favors the view 
that it is a natural vaiiation under the conditions stated of the 
knee-hand creeping pattern. 

For the third source of “all fouis” locomotion we have no examples 
available Regression to this stage after walking has been accom¬ 
plished, whether through an intervening illness or through a return 
on a psychological basis to earlier infantile behavior, is included at the 
present time as a theoretical possibility. 
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SUR LE PR0BL£ME DE LA LOCOMOTION "A QUATRB PIEDS" 

(R^sum^) 

Ort a fait uae 6tude d« pMnomine de la locoiflotion A quafrc piedg chez 
les pctita cnfnnts EUe a stimul^e par la conclusion du Docteur Hrdli<ka 
(I’ure rcchcrclic dirivee priRCjpalement dc la collection de donates an moyen 
de lettrca de correspondanta ordiuaircs que cette forme particulifere de 
locomoiion est "un h^ntrigc faible mais dvidemraent encore contmu du 
pa8s6 prd'humai'n” Dans I'etudc fane, on a cUs^i/id lea obsefvntiQns ties 
formes locomotnces chez dea centainea d’enfants noimaux, on a cit6 des 
dtudes climquea dc la paralysie ceribrale spastique qui montrent qiie la 
locomoiion A qiiatrc pieds sont un sympttme de spasmodiqiie, et I'on 

a unlia6 dc la statistique qni iodiqiic qu’elle est beaucoup plus frequehte que 
I’on nc emit ordinairement On explique le ph^nomene par autfea factqurs 
que "In persistence phvlog^nitique/' A savoir, sur la base dc tous Ics fac- 
teurs dans la sant^ on dans U maladie qui favorisent I'extension ou em- 
peeficnt la flexion dea jambeg pendant la piriode de tamper On a trouvi 
CCS fftcteiirs dans (1) tous ies ddrangcincnts orgoniques qui causent im 6tat 
spasmodique des jambes, si liger qn’il soit, surtout ceux dfls au trauma de 
naissance, ( 2 ) une p^riode normale de maturation ob; principalcment & 
cause dcs facteurs du miiteu, la capacity de se tenlr debout s’est montr^e 
an mSme temps ou dans «nc dtroite relation avec I’action de lamper, (f) 
le comporteinent r^gressif chez les enfants qui rampent de nouvegu aprU 
vine courts p6node dc marcher, blen que lea jambea soient particllement 
ftenduea, ^ cause d'unc maladie interm^diare on en reponse h la j-fgressjon 
p&ychique. 

Levy et Tulchin 


DAS PROBLEM DES GEHENS AOF ALLEN VlEREN 
(Referat) 

Eine Untersuchimg dcs Phanomens des Gehens auf alien vusren bei 
kleinen Kindern wurde vorE«nommen. Dies wurdo dmeh Dr ttrdlickas 
Schluss aus emcr Forschung angeregt, dcj hauptsjclilich durch die Sarnm- 
lunj; von Daten vermictelst Bricfc von Laicnfeorrespondenten gewonnen 
ivuftle, imd der besagt, daw die besondcre Form der Bewegung diirch cine 
"entkrnfVigtc, aber scheinbar noch einc fortdaurendc Vererbung aus dcr 
vormenschlichen Vergangcnlieit" sci. In dieser Untersijchung wurden 
Beobachtungen der Dewegungsmuslcr bci Hunderteu von noritiaJeu kleinen 
Kmilern gcmacht und aufgeschneben Falle von Gchirnkrampflahmimg 
wurden angegeben, welche das Kriechen auf alien vieren ala ein Symptom 
der SpaStultat darwtes Die slatistisclic Dehandliing der Ergchnisse 
ergab, iliiss das Gehen auf alien vieren haufiEer wi, aU allgemtm ange- 
nommen wjrd. Das Fhanomen ivurde durch anderc Falctojcn als die 
"phylogenetische" Beharrhchkeit erklart, namlich auf Gtund aller Fak- 
foren bei Gesundheit oder Krankheit, welche die Ausstrcckung der Bemc 
begunstigen Oder die Biegung der Bemc wahrend des ICreichenstadiuma 
vorhmaern, Diese^ Fnktoren fanden sick bei alien organischen Storungen, 
welche (1) Spastizitat der Bcine verursachen, ganz egal wie mild, be- 
sotiders bei denen, die durch Geburlswunden entstandeq svnd, (2) em 
normales Reifungistadium, m dem die Fahigfeeit zum Stehen rauptsath- 
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lich durch Umwel^faktoren gleichzeitig oder in enger Beziehung mit de/H 
Knechcn stattfand, (3) regieasivcs Veihalten bei kleinen Kindcin, die 
nach einer kurzen Zeit des Gehens das Kricchen wjeder aufnehmon, 
obgleicb SIC die Seine teihveiae auagestreckt halten, was dni-cli eine da/* 
wiHchcnkommcnde KranUieit odci dutch eine geishge Riickkehr veiursacht 
wurde. 

Levy unp Tulchin 



SIDEDNESS AS AN ETIOLOGICAL FACTOR IN 
STUTTERING* 

the Speech Chnic of the Vtitversity, of Minitejola 


BrYNG BRYNGEl/SOff 


Speech patholQgj', which m recent yeais has come to be considered 
very closely related w the medical sciences, is that science wliich 
deals with disordeis oi speech m aft attempt to underslacid them 
through etiology, nature, symptomatology, and treatment 
The pioblcm of stuttering, its etiology and tieatment, has attiacted 
the attention of psychoanalysts, otolaryngologists, pediatricians, and 
speech pathologists foi many years. In the eaily histoiy of man, 
stutteiers weie thought to be possessed of devils or other evil spirits. 
As Jnte as 1841 suigcry was the method employed in a cure. The 
surgery was then directed mainly to the tongue Adenoids and ton¬ 
sils received their share of attention PeppermuU oil and smoking 
were recommended for the allaying of the spasms ot the speech mus¬ 
culatures. 

During the past I5 years, stuttering has been subjected to rather 
careful laboratory, experimental, and clinical study The experi¬ 
mental approach has been largely sponsored by Dr. Lee Travis of the 
State Umvcisity of Iowa His work on action currents has attracted 
nation-vvide attention. At the Univeisity of Minnesota we have 
studied the pioblcm from the clinical angle, and have been able to 
throw considciablc light on stuttering tbiough intensive research on 
sidednebs and handedness Wc aie now engaged m the study of 
stutteiing from the standpoint of heredity 

As a result of extensive rescaich m the Iowa laboiatories, Travis 
(9) has come to believe that siutteimg is a temporary, lecuiient 
reduction in dynastic contiol of superjacent levels over their sub¬ 
structures, causing a general disequilibiium of orientation potentials 
within the nervous system The stuttcrci lacks, according to the 
theory of cerebral dominance, a dominant giadient of excitation of 
sufficient potency and complexity to mtcgiate the bdateial structures 

•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, January 2l, I9J5 
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used for speech. TJiis dominant gradient in nojmal speakeis is be¬ 
lieved to be resident, at the time of the execution of the speech, m 
one cerebral hemisphere. Lacking this higher type of nervous inte¬ 
gration, as the stutterer appears to do, it is difficult and often im¬ 
possible for him to speak in a normal, smooth flowing ihythm. 

Because handedness has been considered a major sign of brained- 
ncss (left or light), there appears to be a good deal of confusion m 
the literature as to the relationship between handedness and stutter¬ 
ing. 

This paper .ittcinpts to claiify the pioblem, and by indicating 
tlie data found on 700 clinical stuttering patients, we hope to arouse 
an inteiest among medical men in the pioblem of stutteiing from a 
point of view which seems to ofter a fertile field for investigation 
Before presenting the charts which indicate a relationship between 
left-handedness and stuttering, wc should like paitially to clarify the 
existing confusion in the matter of handedness 

Supporting one point of view arc those who say that handedness 
IS puiely a mattci of training, and who contend that it makes neither 
a psychological nor a neurological difference in a child to make )nm 
either a right-handed or a left-handed individual 

Opposed to tins belief aie those who say that undei no circum¬ 
stances should the native handedness of a child be disturbed. They 
say that it is as natural to be left-handed as it is to be tall, fat, or 
blue-cycd, and that to change sucli a dcepIy-ingrained characteristic 
IS a serious matter. In doing tins, they say, one alters basic neuro¬ 
physiological processes inheient m the nervous system. 

The conflict of opinion, wc believe, is due to diffeient ways of 
looking at tlie problem The study of the problem has been ap¬ 
proached with widely differing techniques and, in many instances, 
searchers in this field have not even been talking about the same 
thing 

Yet It is tiue that the piactical significance of the pioblem must 
still be considered Ail of us are aware of the fact that theie nre 
both right-handed and left-handed people, Wc have obseived that 
the former aie in the decided majoiity It is inteiesting to note, 
however, that at biitli the right-handed majoiity is much less than 
we formerly believed it to be. In a recent suivcy of four tbous.^nd 
students in a university population (2), wc find that when one in¬ 
cludes the shifted individuals, the present left-handers and the am- 
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bidextrous, tlic pejceiitage of native left-handers uses to 25 Former 
studies report tlmt left-handed people constitute from four to six per 
cent of the population. This would probably hold true if one de¬ 
sired to know only the number who have remained left-handed from 
birth. 

The left-handed problem has been a serious one for parents who 
have thought of it in terms of educational methods, particularly 
those conccined with writing and drawing Knowing that many 
teachers firmly believe that their first task is to shift a left-handed 
child, parents who share in this belief often perform this task tor 
the teacher. They speak of the process as one of “lireaking” the 
child The reasons, most frequently given for this “shifting” proce¬ 
dure aie lathei supeificial. A common reason given is that to be 
left-handed is a sin, and that a left-handed person is always viewed 
with distrust and suspicion. Others think that left-handed awkward¬ 
ness in a nght-luindcd world is ine.xcusablc, and still others think 
tlirtt it is rude for a left-handed neighbor to poke one in tlie ribs at 
a dinner tabic. And ceitainly, some say, a cultured individual will 
never deal cards with the left hand. The most bcnsiblc reason I 
have yet iieard is that given by a primary grade teacher when she 
was asked, “Wliy did you shift John to the right The reply was, 
“I did not know how to teach hun left-handed writing.” 

Handedness, in and of itself, is not of fundamental importance 
It is merely a sign of a deeper neivous arrangement and, like many 
signs, has led numerous woikers astray In other words, the hand 
does not always indicate the true situation. Our most important 
concern is that of sided ness By sidedness we mean that one side 
functions spontaneously m preference to the other in unpremedi¬ 
tated acts, and tiiat it does so with greater facility .ind precibion We 
think of the liand as one of the many symptoms of tliis stdedness 
There is also a native neurological choice m the foot which one uses 
in kicking, and when only one eye can be focu5,ed upon an object, we 
unconsciously choose the natively preferred eye There are many 
other signs of native sidedness, but these three are the most im¬ 
portant It is also interesting to note that these signs do not always 
agree One can be right-handed and left-eyed, right-eyed and left¬ 
footed. In most of us, however, there is a great consistency indi¬ 
cating a definite sidedness. Travis (9) says, “One-sidedness is 
largely a matter of growth, of differentiation, attendant upon an 
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inlierent process, which in turn is dependent upon stimulation of the 
sense organs by patterns of stimuli ” Thus we see that, like nearly 
all human characteristics, sidedncss is both inherited and acquired 

We are of the opinion that workers have pieviously attached too 
much importance to the symptoms of sidedness and too little im¬ 
portance to what may lie beyond those symptoms. Following is a 
conciete example of this previously asserted fact, namely, that the 
signs do not indicate the true situation. A boy eighteen years of age 
had a hemorrliage of the right brain and subsequent paralysis on the 
left side. It seemed queer to some of us that he did not suffer any 
disturbance in his speech, because we thought that he had been left- 
handed The facts were that he did write with his left hand, but 
that he had learned to do so when he broke his right arm at the 
age ot SIX Upon recovery, he went back to the right hand for all 
motor acts except writing. In other words, he was ically right¬ 
sided from the standpoint of heredity, but he had been classed as a 
left-hander because he wrote with his left hand In this case the 
establishing of the writing function did not seem to make any sig¬ 
nificant change m his native dominance for speecli, which was 
located in the left cerebral hemisphere Had the lesion occurred in 
the left brain, we could reasonably have expected a speech dis¬ 
turbance, as he was essentially a left-bramed individual 

Furthermore, sidedness represents unilatcrality of nervous or¬ 
ganization. The organization on one side of the nervous system, 
according to Travis’ researches (8), is dominant over that of the 
other. Sidedness, then, is a sign of this unilateral organization, and 
eyedness, footedness, and handedness aie, in turn, signs of this one¬ 
sidedness, 

Thus wc see that these common signs of sidedncss which we talk 
about are quite removed from the real situation. This fact, we 
believe, accounts for the many conflicting opinions and findings on 
the relationship of so-called handedness and various types of dis¬ 
abilities. 

Fortunately, the majority of people appear to have a deep-seated 
constitutional bias for a dominant motor lead in all acts of any com¬ 
plexity. This bias for unilaterality, wc feel, is caused by develop¬ 
mental factors of heiedity This is not the place to discuss the in¬ 
heritance of left-sidedness, but we may say that the‘studies which 
have been made at the University of Minnesota seem to indicate that 
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ioft-Jwndedness is a sex-hmitcd chaiacUnstic (3) }S inost ohen 
tiansmitted from the male thiough the female and back to the male 
When It occurs in a ngfit-handed stock, it can probablj^ be considered 
a recessive diaiacteristic. It is mteiesting to note that there are 
50 per cent moie left-handers among the males than there are among 
the females (4) 

There is no doubt that appiopriate training can assist or Inndei 
a natural bias which has alieady embedded itself in the nervous 
system. The shifting of handedness is still a common practice among 
paients and teaclieis This process, it is believed by many, may 
alter the general asyinmetiy which is responsible foi the dominance of 
the light cerebral hemisphere Or, m tlie case of a partial shift to 
the light, one may have vaaculai symmetry, which can furnish a 
physical basis foi a lack of dominance in either one of the cerebral 
hemispheres 

We mu&t not foi get that the term left-handedness includes all 
degices fiom a condition of inveterate left-handedness through an 
approximately equal degree of both right- and left-handedness,. which 
training can effect in eitlici dncctioii, to a degree of rtght-liandcd- 
ne&s which is completely icfiactory to alteration by training 

A lack of definite one-sidedness is a veiy serious condition For 
many decades jt has been conjjnojj knowledge tkat ivuting, reading, 
and Speaking have unilateral lead lepicsentation. Any factor, then, 
which operates against the establishment of one-sided dominance, 
tends to inteifere witli normal establishment and development of 
those functions. In a sense, one cannot blame the teacher for what 
is often a criminal treatment of children m this matter of shifting, 
because many leading psychologists and educators, and, I dare say, 
some speech pathologists, are still telling people that there can be no 
possible harm in mteifcring with the native sidedness of either 
young children or adults Unquestionably, a few individuals eftect 
a shift without any obseivablc sign of disorientation, but we feel that 
in the majoiitv of cases there is some resultant iiregularity of neiyous 
function 

Just what do we believe takes place in a shift? The studies of 
Child (5), Coghill (6), Hcriiclc (7), and others have indicated the 
fact that maturation and growth is the basic factor of behavior 
We think of growth as being laigcly a process of differentiation, and 
of onc-sidedness as a good criterion of this growth process If this 



SIDBDNBSS AND STUTTERING 


209 


giowtli process is retaicled by working against the natural develop¬ 
ment of the child, we believe that he is either markedly delayed m 
becoming, or that he never becomes, onc-stded, with the result that 
those functions which are known to be strictly dependent upon a 
one-sided nervous oiganization are either delayed m developing, or 
may never develop, m a normal way In other words, wc feel that 
the best guarantee for normal reading, writing, and speaking is one¬ 
sidedness, and that tampering with a child’s natural neurological 
expression is a dangerous procedure We recommend to parents and 
tcacheis that they gi\e every child complete freedom to express spon¬ 
taneously a preference for one side in motor activities Dr Ward 
once said, "He who attempts to make natuie deviate from her nor¬ 
mal physiologic processes may accomplish his immediate object, but 
It is very apt to be an exorbitant price ” 

When facts arc at the basis of one’s beliefs, one maintains that 
belief until new facts warrant a change. Fifty years from now other 
facts w/il undoubtedly iotco us to modUy our opinions regatding the 
relationship between handedness and various disabilities But for 
the present, we aie satisfied that this pioblcm is of sufficient im- 
poitance to warrant continued research We are still openminded 
as to the possibility that stuttering is an inherited mechanism, but 
until our current research is completed, wc are inclined to maintain 
the present point of view The findings on 700 clinic cases of stut¬ 
tering are here presented We arc now engaged m a similar study 
of several hundred childicn who do not stutter, in an attempt to learn 
the percentage of shifts in the individuals, the peicentage of left- 
handed histones, and the percentage of stutteiing in the families 
If these percentages run as high as the ones here presented, obvi¬ 
ously our interpretations will have to be alteied We shall also 
know more about this important pioblcm after a few generations 
have practiced a Imssez-foire policy in regard to sJiiftmg There 
IS the possibility that the reason wc now find so few left-handed 
stutterers is that they have all been shifted to the right. There is 
now some indication that parents and teachers in tlie future arc going 
to allow children freedom in the expression of side preference This, 
of course, is due to the fact that we have been able, particularly m 
the middle west, to build up quite a defense for the left-handed child, 
and are now able to teach the Jeft-bander a good legible sciipt m 
normal dextrad fasliion, and to provide him with chairs, desks, scis¬ 
sors, pencil sharpeners, etc, suitable for left-handed manipulation 
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The data given in Tables 1 and 2 have been gatheied by the inter¬ 
view and clinical methods In most instances, the parents of these 
cases have been questioned as to the facts about the patient, and as 
to his stuttering and left-handed relatives 


LaTBrALMY Q17BST10NNAJRB 


The following 20 items were used in determining the degree of handed¬ 
ness (IS exiircsscd m a clinical situation. The questionnaires were scored 
according to the formula' 

R^E/Z 

Laterality Index =- 

If 


li and E equal the number of /terns answered “Right" and “Either," re¬ 
spectively, and iV equrih the total number of items encircled An indi¬ 
vidual who encircled all the R’a would have an index of 1 00, while one who 
encircled alt the A’s would have an index of 000 An index of 0 OO to 29 
wits cohstdered left-handed, ftoirt 30 to .79 ambidextrous, and fiotn 80 to 
I 00 right-handed, 


1 From vvhich shoulder do you swing a baseball bat?. K 

2 From which side do jqu swing a golf clubP. . . R 


3 Winch hnnd drives a billiard cue? . R 

4 Which hand swings a tennis racquet? , , R 

5 Which hand throws a ball?, . . R 

6 With which foot do you kick a football? .. . R 

7 Which hand uses a saw? . , . R 

8 Which hand uses a hammer?. . . , R 

9 Whicli hand uses a ean-openet? . . R 

10 Which hand uses a screw driver?. . , R 

it Which hand uses the scissors (sheaia) ? . R 

12 Which hand uses the tooth brush? . R 


13 Which hand holds the knife m sharpening a pencil? R 

14 Which hand uses the needle in sewing? . . R 

15. Which hand cuts with the knife when eating? . , ..R 

16. Which hand spreads butter on bread? . . R 

17. Which hand winds a watch? , • . , R 

18. Which hand denis the cards? , . R 

19. Which hand draws pictures? , . , R 

20 Which hand do you use for writing? ... R 


L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

t 

t 

t 

L 

L 

L 

L 

L 

L 


E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

£ 

E 

E 

E 

E 

E 

E 


The ages of the stutterers range from four to 42 years, 
and the majority weie between nine and 16 years of age. In 
a numbet of instances, not ali of the facts g.tthcred here were ob¬ 
tained in one conference, for much of the data was secured from 
nurses, maids, grandmothers, and teachere who had had charge of 
the child m his early years This was often necessitated because 
frequently the parents, and often adult cases themselves, did not 
know the facts of early sidedness, and consequently one had to seek 
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TABLE 1 

Male SruiTfiRriM (4fi3) 



(Ml) 

(240) 

(82) 


16 yrs 

9-16 yrs. 

4-8 yrs 

Stutterers in family* 

70 67% 

69 46)% 

77.46% 

Left handed in family** 

82 03 

78 12 

90 54 

Shitted*** 

Handedness on entrance'}* 

6124 

67 44 

66 66 

Right 

32 63 

32 91 

54 87 

Left 

2.12 

83 

0 

Ambi 

65 24 

66 25 

45.12 

Lyedness -f 




Right' 

3100 

28 24 

3 65 

Left. 

66 66 

62 96 

90 24 

Amphi* 

2 33 

8 79 

6.09 

S, wntingtt 




Mirror* 

69 23 

92 14 

5915 

Neg 

30 76 

7.85 

40 84 

Age of onset 




2-4 yrs 

55 31 

16 66 

24,39 

5-7 yrs 

33 33 

75 00 

73 17 

After 8 yrs 

11.35 

833 

2 43 

Disabilities of shifts § 

(79) 

(145) 

(46) 

Reading 

59 49 

34 48 

1956 

Spelling 

12 65 

11 03 

30 43 

Writing 

13 92 

8 27 

17 39 

Articulation; 

0 

10 34 

0 

Recommendations for therapy relative to 

sidedness in motor occs 


(Total of male stutteiers, 463) 


Shifted to left—337 


72 78% 


Shifted to right—2 


43% 


Tie-tip with right— 

121 

26 16,% 


Tie-up with left—3 


62% 



*Thi8 refers to relntives of the patients stndied These data include 
parents, grandparents, brothers, sisters, aunts, uncles, and cousins on both 
sides of tile family. These high percentages may lead us to consider (hat 
stuttering is bred out of stuttering stock. 

•♦This history refers to the relatives of the patients in the same way as 
that described for the history of stuttering in the family, going as far back 
into the relationships as the patient or hit parents can recall 

***Thi8 history revealed the fact that the patient, either as a child or at 
the beginning of his school life, had been influenced by parent, nurse, grnnd- 
mothei, maid, or teacher to develop motor skills with the (by nature) 
noH'prcferred side. Sometimes this attention was given the child from the be¬ 
ginning of his use of spoon in the high chair In other cases the shifting 
was introduced at the time of learning the writing skill in school In a few 
cases accidents to the naturally dominant side had shifted the hand and 
a portion of the speech function to the non-dominant cerebral hemisphere 
Again, others had been forced, through injury to the natuial hand or arm, 
to shift their handedness In the great majority of cases the shifting refers 
to the interferences with the natural use of the left hand 
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information from lelatives, baby picluics, etc Sometimes it is not 
until the child is cuied that the mother confesses to a shift in the 
child. Indeed, much prejudice has to be overcome before the truth is 
found, so it is seldom an easy task to secure the information concern¬ 
ing early sidedness history. Wc also feel that in tlie cases in wlifch 
no positive information is revealed, thexe is a possibility tliat the 
native sidedness of the child could have been inteifeied with befoie 
he was old enough to have his handedness adequately observed. We 
refci to the relation of thumb-sucking to the dominant mhexited 

tThia has reference to the hand prcfeicncc of the patient when he was 
first seen in the clinic The high percentage of ambidexterity indicates that 
many of this pathological group Weic decidedly ot a "mixed dominance” 
both in the penphcul and in the central mechanism The criterion of 
handedness used xvas n lateiality index computed from a qiiestionnaiie of 
twenty items involving unimanual activitiea 
^When there xs no mjiiiy to either eye, the majority of us have n natoial 
choice for a sighting eye. In these cases the two tests used to determine 
the dominant eye were the Paraons' manuscopc and the "hole in paper" 
tc^c The latter test is a simple one, but quite accurate. Tins patient 
Is asked to hold nn eight-by-ten papci with both hands and look through 
the hole in the center of the paper, at the observei’s nose with both eyes 
open The eye which the observer sees is the preferied sighting eye, pro¬ 
vided there has been no injury to the other eve Ten tiinls at vaiymg dis¬ 
tances are taken If there are five light leads nnd five left leads, the 
patient U considered nmphiocular, (amphi-) meaning that theie is no 
established eye dominance. 

i-fThe patient is asked to take n piece of chalk in both hands and assume 
A writing position at the board The examiner saya, "I am going to give 
you a letter or a figure and I want you to write it with both hands at the 
same time. Write it immediately upon hearing the letter or figure nnd do 
not think about It Keep your eyes closed during this test” 

There are four possibilitica m the direction of both hands in this test 

1 -> ■ —’*—siflistro-dextrad, dcxtro-ciextrjd. 

2 i - -» smistro-ainUtrad, dextro-dextrad 

3, -> <- sinistio-dextrad, dextto-siruatrad 

4 ^- - -sinistro-sini’itrad, dextro-sinisti ad 

Miimbcr one is the mo^t common response In normal right-handed speakers 
Two, three, and four are recorded as mirioied writing with one or both 
hands, "Mirror,” m Figures 1, 2, 3 means that cither 2, 3, oi + was the 
response in these coses “Neg " refers to the fact that no mirror xvriting 
was recorded, 

^tThis refers to the year when the stuttering was first noticed by the 
parents oi teachers It ig interesting to note that 55 per cent of the cases m 
the 16 years-and-over male group began stuttering practically with their 
first utterance, and 73 pci cent of the 16 ycars-antl-over fetnaie group 
began stuttering before the age of four 

§In addition to the stuttei-ing, the cases whose history indicated a shift 
of handedness also had disabilities m cither reading, spelling, writing, or 
articulation 
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sirledness pattein In the out-patient speech cluiic of the University 
Hospital, we have seen many cases in which the etiology of stutteiing 
speech from the beginning lay in the fact of retarding native sidcd- 
nfibS and subsequent speech development by tying the thumb-sucking 
hand One mother confessed to the act of keeping her child’s left 
arm cuffed foi six months for feai it would he left-handed if allowed 
to use both. Many mothers fear this because they do not know that 
the majority of childien are ambidextrous until about the eleventh 
month. 

In closing, we should like to call your particular attention to a 
feiv data which seem interesting in that the stuttereis tend to fall 
into left-handed groups. Foiincr studies have pointed out that 
stutterers are not as often like nglit-handed persons in many types 
of behavior as they are like the left-handed individuals. 


TABLE 2 

Female Stottbrers (237) 



(89) 

16 yi8 

(87) 

9-16 yrs 

(61) 
4-8 yrs 

Stutterers in family 

90 90% 

68 75% 

86 04% 

Left handed in family 

S915 

81 57 

82 75 

Shifted 

95.00 

83 33 

84+9 

Handedness on cntiance. 

Itighl. 

77 52 

17 24 

19 67 

Left 

1.12 

0 

0 

Ambi. 

21 35 

82 75 

80 32 

Eyedness 

Bight 

11 29 

69 04 

68 85 

Left 

77 52 

7 1+ 

13 11 

Amphi 

1124 

23 80 

18 03 

S writing 

Mirror ■ 

78 65 

83 58 

90 19 

Neg 

21 34 

16 41 

9 80 

Age of onset 

2-+ yrs 

73 70 

45 97 

65 57 

S-7 vrs 

15 73 

40 22 

24 59 

After 8 yrs 

10 56 

13 79 

9 S3 

Disabilities of shifts 

Bending 

(76) 

2 63 

(65) 

20 00 

(49) 

26 53 

Spelling 

1 31 

0 

26 S3 

Writing 

1 31 

461 

0 

Aitlculation 

1 31 

6 15 

18 36 

Recommendations for theiapy relative to sidedness in motoi nets 
(Total ot female stutterers, 237) 

Shifted to left—182 7679% 


Shifted to right—0 

Tic-up with nght— 

-55 

23 20% 


Tie-iip with left—0 
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1. 57 34% of this group of 700 were left-eyed (Table 3). The 
normal right-handed people have been found to have 25% left- 
eycdness 

2. 10 28% were amphiocular (Table 3)—twice as many as in 
the normal population. 

3. 61 14% weic ambidextrous (Table 3) The normal popula¬ 
tion reveals only 5%. 

4. 80,13% wrote mirror script (Table 3). The highest per¬ 
centage found in oui university population is l5%. 

5 In the shifted cases, there is a rather high percentage of read¬ 
ing, spelling, writing, and articulatory disabilities, in addition to 
the stuttering which they manifested In another study of 107 
right-handed stutterers not quite ready for publication, we found 
that 50% of them had reading, spelling, and writing disabilities, 
while in 3000 nght-handed normal cases with a negative history 
in stuttering, and Icfe-handcdness history in both the individuals 
and in the families, only 26% had difficulty m reading, spelling, or 
writing. 

Finally, may wc also state that it has not been the practice of 
those of us who are treating stuttering from the cerebral dominance 
point of view to shift^ all stutterers to the left This opinion has 
been expressed quite frequently m the literature, and tlie ciiticism 
is unjust. In the first 162 cases which were reported in the Journal 
of Expression for March, 1931 (9), we shifted only 55% and tied- 
up^ 45% with the right side. The results in therapy were both very 

‘"Shifts” In the recommendations for therapy refer to those right-handed 
or ambidextrous stutterers who, on the basis of histones and diagnostic testa, 
•were shifted to the left side of the body (peripheral) m all motor acts, 
and the right side of the central mechanism in all motor leads This meaiiB 
that all right-handed activities were to be eliminated, and all ambidextrous 
acts, such as typewriting and piano playing, were advised against Any 
ambidextrous activities tend to exercise both cerebral hemispheres in lead 
control, and this condition in itself only furthers the lack of dominance of 
one side of the brain 

When the diagnosis indicates a shift to the right, the same procedure 
IS inferred for the right side 

*'‘Tie-up^” refer to those patients to whom we did not recommend a shift 
from their present handedness, but who were required to become more 
consistently righl-sided, (or in some cases more left-sided), and to asso¬ 
ciate speech with writing. This means that the stutterer makes use of the 
margin of domitiance which he already possesses, and .uttempts to increase 
that margin so that it will be of sufficient potency to integrate the mechanism 
for speech, If the stutterer had any left-handed activities, he was advised 
to eliminate them, and to stress entirely the leads from the right side of 
the body 
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satisfactory. In this group of 700 clinical cases (Table 3), the 
diagnosis indicated 74 14% or 5l9 cases as shifts to the left, .28% 
shift to the right, 25 14% or 176 cases tie-up u'lth the right, 42% 
tie-up with the left It is important to remember that the diagnosis 
m cerebral dominance is made primarily on the fact of sideclness and 
not on the fact of handedness If you have followed tlie first part 
of this paper correctly, there should be no misundcistandiiig con¬ 
cerning the tables 
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LE C0T6 COMME FACTBUR ETlOLOGIQUE DANS LE 
BfiGAYEMENT 
(R^sum^) 

On a 6tiidi^ diniquemcnt a PQniversit^ du Minnesota 463 b^gayeius et 
237 bfgayeuses, 

La mam et le cote sont deux facteurs dlff^rents quand ila se rapportent 
au proceasiis de la parole Un b6gayeur droitier se montre ordinairement 
dans les tests climques dc c6t6 un individu gaucher dont I’uangc de n.iisaance 
de la main s’est alt^rL Le c6te est une organisation neiirologique centrale 
qui depend de la souche hereditaire, Le cdti peuc eCre le r6sultat de 
I’entrainement penph4rique qui ne reprisente pas I’organisntion neiirale de 
naissqnce dans le cerveau 

Le begayeiirs viennent non seiilement d'une souche b^gayense cn 75% 
des cas, mais la gaucherie dans U souche familmie de 700 begayeurg a ^te 
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jndjqu^e en 83% des cas 73% dw 700 Wgayeurs etudi^s onir ite origjp- 
airement gauclicrs et de cote gauche lU avaient et^ partiellement ou 
compl^tement changes par I’mterposition du milieu 
Les donnecs ^emblent montrer le fnit qu’un ygayeur possede unc domi¬ 
nance neiiro-physiologique meUng^e, A cause de I’6gnlit6 du deycloppement 
dca deux hemispheres du cerveau, ni {’hemisphere droit ni Ip gauche ne 
peuvent inhibcr les nivcaux lofencurs de l’activit£ neiiralc de se charger 
(lea atructuiea du milieu, innervdes bilat^ralement, misea en paires, cinptoycea 
dans la parole En pUisieurs cas, la fonction appel^c begayement on 
hflibutie/ncnt peut etre le resultat d’un desequdibre neurologique cause par 
{’interposition pcriph^nquc nvec I’usagc de la mam L’usage de naissance 
dll cotd, croit-oji, devratt etre une consideration iinportnnte dans le diag¬ 
nostic et la therapie dea b^gaycurs 

Brynqelsom 


SEITIGKEIT ALS EIN URSACHENFAKTOR BEIM STOTTERN 

(Referat) 

463 Stotteier und 237 Stoitcrinnen wurden in der Universitatsklinik von 
Minnesota untersucht 

Ihndenvorherrscluing und Seitigkeit sind zwei verschiedcne Fnktoren, 
vrenn sie sich auf den Sprachproress beziehen Em rechtliandjger Stotterer 
ist gewohnlich nach klinischcn Scitigkeitsversuchcn cm linkhandiges Indi* 
viduum, dem die angeboienen Ilandengebilde vernndert worden smd 
Seitigkeit ist eine zentral-ncurologische Organisation, die von dcr Vererbung 
abhangt Handigkeit kann die Folgc einet pcnpherischen Ohutig aein, die 
dec angeborenen Nervenorgaoisation des Gchirns nicht entapricht. 

Stotterer entstammen nicht nur Stottercrfamilicn m 75% der Fallc, son- 
dern LinkseitigkeiC m den Familieo von 700 StoUerern wiirde in S3% dcr 
Falle nachgewiesen 73% dcr 700 Slotlcicr waren iirsprunghch linkhandig 
und linkseitig Sie liaben sich tails odcr ganz durch TJmivcIteinjDischiing 
geandert, 

Die Daten schcinen dnrauf hinzuweiseii, dass eln Stotterer cine gcmischte 
nervenphysiologische Vorherrschung besitzt Wegen der Gleichheit der 
EntiTickliing beider Hiinhemispharen ist wedcr die rcchte noch die linke 
Hemispharc imatande, die niedrigcrcn Schichten der Nerventatigkeit davor 
zu hemmen, dass sle 7iir Vorherrschung uber die zweiseitig gepaarte 
Mittellinicnnervcnstrukturen erlaoge, die heim Sprechen gebraucht werden, 
Bel vielen Fallen kann die als Stottein oder Stammeln bekannte Funktiori 
die Folge einer Nervenungleichheit sein, die diircli den peripherischert 
Widerstreit mit dcr Handigkeit entstcht Angcborenc Seitigkeit, wie all- 
gemcin angenommen wnd, solltc yon wichtigem Beiang in der Di>'igno<ic und 
Therapie der Stotterer sem 
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WHOLE AND PART LEARNING OF A VISUALL'^ 
PERCEIVED MAZE* 

From the Department of Psychoioify, Acadia Uuwersity, H^olfville, Nova 

Scotia 


T W. Cook, S. H Morrison, and C L. Stacey 

A survey of the conditions governing; the relative efficiency of 
whole «'ind part learning leads McGeoch to the conclusion that 
“experimental data, at the pies,ent time, do not justify any generaliza¬ 
tion regarding the specihe or mutual eftect of these factors’’ (8) It 
would seem that the Intel relationships between the various factors 
effective in whole and part learning should be made the subject of a 
compreheiiijive piograni of research. 

In our opinion some progress in disentangling the factors in any 
psychological problem may be made through study of the relation 
of general theories of the learning process to the data alrcadv 
gatheied Following this plan Cook has made certain deductions 
from McDougall’s two-factor theory of learning regarding the con¬ 
ditions affecting the relative economy of massed and distributed 
piactice (2). The present investigation is an initial experimental 
test of Cook’s hypothesis of a differential action of “msight’’ and 
“fixing” on the relation between whole-part learning and complexity 
of problem, with massed practice. 

The assumptions of Cook’s theory, as far as they affect the present 
investigation, are that with simple mazes the chief factor in the 
change from Incorrect to correct choices is a comprehension of the 
position of individual errors in the total maze pattern. With in¬ 
creasing complexitj', howevei, deletion of errors by “insight” plays 
less and less pait in the total learning If his conclusions are cor¬ 
rect, the relative economy of whole and part methods in maze learn¬ 
ing should be to some extent a function of the size of the maze pat¬ 
tern. It also follows that the most economical unit for maze learn¬ 
ing should be that amount of material whose total pattern (foi sub¬ 
jects of any given level of ability and training) can be most readily 
grasped in fi single trial Breaking such a unit into smaller “parts,” 

•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, November 23, 
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as well as using parts of a size too great to admit easy compiehension 
as a whole, should condition a decline m the relative efficiency of part 
as compared with whole learning (2, pp 340-341).‘ 

The apparatus used in our investigation was a maze of the 
Shepard type, adapted for human subjects who are not blindfolded 
This maze, which has been described elsewhere (Morrison and 
Cook, 9), has the following characteristics which proved of advan¬ 
tage in the present connection (1) The stops arc concealed and 
the subject can see the general plan of the top of the maze, as well 
as his own movement pattems while tracing. This seemed likely 
to avoid waste in combining the parts after each had been learned 
separately. (2) The units arc exactly alike—a necessary basis for 
comparing patterns of different length. (3) Any number of com¬ 
parable patterns can be constructed The stylus used In tiaeing the 
maze was a }i~in copper tube 9 ins long. The tube was bent at 
right angles ms fiom one end, while the other end was taped 
for gripping with the hand. To the shorter (IJ^-ins) projection 
was soldered a short steel rod 1/16 in. m diameter, ending in a coin- 
shaped metal tip ^ m. m diameter and 3/16 m. thick. 

The investigation consisted in a compaiison of the relative economy 
of whole and part learning foi two complexities of material. The 
size of maze pattern was determined by the number of units of 
"true” path, a distance coi responding to one side of a block being 
taken as a unit. Thus the maze patterns learned in Experiment I 
(Figure 1) have 12 units of tiue path m each pattern The neces¬ 
sity for a choice of paths at the end on each "unit” made it advisable 
to take the number of units lather than the number of turns in 
the true path ns our measure of size of pattern. Since there are 
two incorrect routes at the end of each unit, the number of culs-de- 
sac (24 in Maze I and Maze II) is always double the number of 
units of trute path. It is of course not assumed that mazes are of 
equal difficulty because they have an equal number of units Analy¬ 
sis along the lines indicated by Hull (7) must be caxried out before 
maze patterns can be equated for difficulty prior to actual test. It 

corollary lo Cook’s assumptions would be that plotting difficulty of 
learning against size of maze pattern should give a curve with initial 
positive acceleration followed by negative acceleration, ending iJi very 
slight negative acceleration or a straight line There nre indications in 
Scott and Henninger’s results that the empirical data (12, Figures 1 to 4) fol¬ 
low the nssumptions of Cook’s theory. 
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will be noted that there are never more than two units of “straight 
ahead’' distance in any part of the true path m the four mazes The 
object of this feature of the pattern is to avoid over-simpUfication of 
the 6-unit parts of the 12'Unit mazes. 

The distinction between the part and the whole methods in all 
three of our experiments was that in the whole method the total 
maze pattein was traced on each trial, while in the part method 
each “half" of the pattein was learned separately, after which the 
two paits were traced togcthei as m the whole method. The critciion 
of learning was three erroiless trials. There are certain obvious 
advantages for our purposes in dividing the total pattern into two 
parts lathci than the customaiy four The two-pait division (1) les¬ 
sens the amount of work needed for investigation of the relation of 
complexity of matciml to the wholo-pait problem, and thus permits 
study of a widei range of material in the time available, (2) gieatly 
simplifies the conditions and thereby aids isolatioii of the significant 
factors, and (3) combines the pure part and combination part 
methods. In fact, the two-part rather than the four-pmt division 
seems to us the logical approach to the problem of wliolc-part lean¬ 
ing. 

The maze patterns were drawn on graph paj)er and the maze 
pieparcd befoie each experiment by the senior author At the be¬ 
ginning of a Sitting the maze was placed on a table with its upper 
surface waist-high to the subject as he sat on a chair. The longer 
sides of the rectangular maze were paiallel to the plane of the sub¬ 
ject's shoulders and the starting point of each pattern was dliectly 
m front of and on the side of the maze nearest the subject, as sliown 
by the arrows in Figure I The distance between tlie subject and 
the maze was adjusted to his length of arm. To prevent a subject 
from attempting to keep his orientation between trials by holding 
lus gaze fixed on the end of the coriect path, a black cloth was 
hung by loops from a wooden rod supported by a frarne placed at 
right angles to the subject’s line of legard, and about half-way be¬ 
tween the subject and the maze The cuitain was pushed aside by 
sliding the loops along the rod before beginning each trial, and 
pulled back in position .as soon as a trial was completed. 

Two experimenters were present during each session One timed 
the duration of each trwl and the interval between ti/nh, starting 
ope and stopping another stop-clock at each change fiom work to 
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rest and aest to woik. The other expeuinentei counted and re¬ 
corded the errois, and replaced the stylus at the starting point during 
the interval between each tnal. All subjects weie students at Acadia 
Univeisily, chiellj' sophomores and juniors fiom the prescribed 
course in elementary psychology. 

Experiment I 

Two maze patterns (Figure 1) consisting of 12 units of true 
path and with 24 blind alleys m each pattern comprised the sub¬ 
ject’s task in Experiment I Gioup A (6 women, 9 men) lenmed 
Maze I by the part method and Maze II by the whole method 
Group 5 (6 women, 9 men) leained Maze I by the whole method 
and Maze II by the part method Maze I was always learned first 
and Maze II second. The whole and pait procedures were thus 
equated for gioup and maze diffcienccs and for amount of practice 
At the beginning of the experiment the following typewritten in¬ 
structions were presented to each subject. 

You are to trace t^o mazes The one will be learned as a 
whole, the other in two parts After both parts are learned you 
will trace that maze as a whole. 

The instructions were repeated and emphasized verbally, and facility 
in the use of the stylus and curtain, as well as familiarity with the 
general nature of the maze pioblcm, were gamed by tiacing a small 
practice maze Since the “end” of a maze pattern was in every 
case at least 5 blocks from any side of the total maze, and there 
were no visual cues to indicate wheie the pattern ended, the experi¬ 
menter said “stop” as soon as the subject had finished tracing the 
correct path This path was defined for the expeiimentei by small 
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marks on tlie side of the blocks farthest from and thus not visible 
to the subject Each subject learned Maze I and two minutes after¬ 
wards Maze 11. Fifteen seconds elapsed between each trial and 
the next, but practice was “massed*’ in the sense that a maze was 
learned in a single sitting 

The results appear in Table 1 and indicate n superiority of the 
part method over the whole method of 34 per cent in errors and 
20 per cent in time The average number of trials is about the 
same in the two methods. The probable error of the difference 


TABLE 1 

Twai.VB-tiNiT M^zbs Evpshimpnt I 



Errora 

Time 

Trials 

Whole melhod 

102 5 

310.0 sec 

192 

Part method 

76 5 

255 0 sec. 

19 8 

Percentage of adv. of 

34^ 

20% 

—2% 

part over whole 

Difference 

26.0 

55 0 

— 6 


7 67 

24 0 



between the number of errors in the part and whole methods is 7.67 
This difference is 3.4 times its probable error, which indicates 99 
chances in 100 that the true difference is greater than zero The 
difference between tlic average time required for the part and whole 
method is 55 seconds, with a probable error of 24 The difference 
18 2.3 times its probable error, signifying 94 chances in 100 that 
the true difference is greater than zero. 

Experiment H 

The procedure in Experiment II was similar to that in Experi¬ 
ment I, except that the mazes (III and IV) were twice as large 
as Maze I and Maze II, i.e., composed of 24 units of true path 
and 48 culs-de-sac The 30 subjects who took part m the present 
experiment had no previous cxpeiicnce in maze learning Group C 
(6 women, 9 men) learned Maze III by the part method and 
Maze IV by the whole method Group t) (6 women, 9 men) 
learned Maze III by the whole method and Maze IV by the part 
method. Maze III was always presented first and M.aze IV second. 
On account of the increased difficulty of the larger patterns, the 
mazes were learned on successive days rather than duiing the same 
session as in Experiment I 
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TABLE 2 

Twenty-Four Unit Mazfr Expbuiment II 



Errors 

Time 

Trials 

Whole metiiod 

431 

1143 sec 

38 4- 

Part method 

347 

1120 sec 

43 6 

Percentage of adv of 
part over wliole 

21 

2 

—14 


Table 2, which gives the results for Experiment If, should be 
read as follows Groups C and Z) learned Mazes III and IV by 
the whole method with an average of 431 errors, 1143 seconds, and 
38.4 trials, by the pait method with an aveiage of 347 errors, 1120 
seconds, and 43.6 trials The differences between tlie part and 
whole methods arc not statistically leliable, but the data have sig¬ 
nificance when taken in conjunction ivith the results of Experiment 
I and Experiment III 


Experiment III 

The only difference m pioceduie between Expeiimcnt II and 
Expeiiment III was that the subjects who assisted in the former 
were “uiipracticcd,” while the subjects used in the latter (Experi¬ 
ment III) had previously acted as reagents in Expeumenc I. Since 
two of the women subjects serving in Expeiiment I weie not avail¬ 
able for the later work, each group m Experiment III was made 
up of 5 women and 9 men. Group AB (composed of individuals 
fiom Gioup A and Gioup B) learned Maze III by the pait method 
and Maze IV by the whole method. Group BA learned Maze III 
by the whole method and Maze IV by the part method 


TABLE 3 

Twenty-Four Unit Mazes Experiment III 



Errors 

Tune 

Trials 

Whole method 

368 

lOOS sec 

34,3 

Part method 

257 

816 sec 

34.2 

Percentage of adv. of 
part over whole 

43 

23 


Difference 

113 

189 see 


'P'^dlff 

33.24 

85.2 



The results presented in Table 3 should he read as follows 
Groups AB and BA learned Mazes III and IV by the whole method 
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Pnif Methods in Tnahj in Time, and in Etrots In all tlirce of our 
experiments the part method is maikedly superior m number of 
errors and less superior in total time, ■while for trials the -whole 
method is slightly more efficient m two of the three expeiiments. In 
attempting to find the significance of this trend we need only con¬ 
sider errors and trials, since in all three experiments the time records 
are intermediate between eirors and trials m relative economy of the 
whole and part methods, and conditions differentiating between the 
other two measures bear m an intermediate fashion on time. One 
explanatoiy factor is mheient in the experimental method The 
tliiec errorless trials required to satisfy the criterion of learning each 
part are included in our computation of total trials foi the part 
method. However, this method of treating the data cannot be of 
crucial importance, since the subtraction of three trials from the 
total for the part method 'Would in no case appreciably affect the 
relative economy of the whole and part methods m trials as com¬ 
pared with errors. A second condition seems of more significance. 
The difficulty encountered in putting the parts togethei bears much 
more heavily on trials than criors- With most subjects the experi- 
cnce gained in learning each part enabled subjects to combine the 
parts with few errors, even in the early tiials. But these errors 
were disproportionately hard to eradicate About 61.4 per cent 
(68, 60, and 56 per cent in Experiment I, II, and III) of the total 
trials as contrasted with 28 to 29 per cent of the total errors were 
made in the act of combining the parts after they had been learned 
separately. 

3 Gojiiparison of the Data from Experiments 1, II, and III. 
Considering eirors alone (since the pait and whole methods occupy 
the same relative position for errors, for time, and for trials in all 
three experiments), we find the advantage of the part method great¬ 
est in Experiment III, slightly less in Experiment I, and least in 
Experiment II. Analysis, which m view of the moderate size of 
the differences must be suggestive rather than final, indicates three 
factors that seem to merit further consideration, 

a. Group differences (comparison of Experiments I and III 
with Experiment II). Experiment I and Experiment III, in -which 
the same groups of subjects served first in the former and after¬ 
wards in the latter experiment, show respectively 34 and 43 per cent 
superiority for the part method by the error criterion A different 
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gioup of (inexpciienced) subjects gave only 21 per cent greater 
efficiency for the part method m Cxpciiment II Both groups were 
composed of college undergiaduates of about the same degree of 
maturity and intelligence, and the nunaber of subjects in each ex- 
peiiment (30) was laige enough to secure fair reliability by the 
operation of chance, but it is impossible wholly to rule out the pos¬ 
sibility of a group factor. 

b Complexity of material (with amount of piactice constant 
Comparison of Experiment 11 with Experiment I). The maze pat¬ 
terns tiaced in Expeument II were twice the size of those learned 
in Experiment I. The greatei economy of the part method in the 
latter may be due to the simplei (12-unit maze) being a more 
favorable unit for part learning with unpracticed subjects 

The relation of complexity of material to the relative efficiency of 
the pait and whole methods in maze learning is two-fold. 

1) Relation of number of units tn the maze pattern to diffi¬ 
culty of uiittal learning There is some reason to believe that as 
amount of material is increased the conesponding inciease in diffi¬ 
culty of learning is greater with maze leainmg than with verbal 
materials This point will be treated more fully in a later paper 
That the relation between amount of material and difficulty has 
played a part in the relative economy of the whole and part methods 
in investigations of maze learning is illustiated by the treatment of 
the data of Hunawalt, Pechstein, and the present expeuments in 
Table 4 Description of the computation of the error values in 
Table 4 will show the method of obtaining the values for all meas¬ 
ures * This method consisted in dividing the sum of the errors 
made in learning the (four or two) parts of a given maze into 
the numbei of cnars made in learning the maze as a whole—that 
IS, by the “whole” method® 

In Table 4 a number larger than unity means that increase m 
size of maze pattern conditions a relatively greatei increase in diffi- 

^I'nala are not included because, as Robinson and Heron have shown 
(11), the expended in learning material of diiferent lengths is not 

adequately expressed by raw scores m number of trials In any detailed 
consideration of the relation of length of materia] to difficulty of learning, 
trials could be translated into "total units presented,” but any such addi¬ 
tional complications would be of no value here 

"A somewhat similar method of computation is used by Scott and Hen- 
nmger to obtain their "score per cul-de-sac" (13, pp 665-668, Tables 11, 
III, and IV) 
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culty of learning. Although such widely divergent data show the 
need for experiment rather than theory, several tentative conclu- 

TABLE 4 

Ratio or Difficulty or Learning Parts to DirricoLTY or Learning Whole 

Mazjs 

Each vahie is obtained by dividing the sum of a given measiiie (time, 
errors, etc,) for the two or foui porta into the corresponding measure foi 
the TvhoJe niii 2 e If difficulty increased in direct pi-oportion to complexity 
all quotients would be unity. All numheis m the table are gi eater than 
unity, signifying that increase m size of a ma/c pattern conditions a gieater 
increflse ifi reJative di/ficuliy 




El rors 

Time 

Peclistein, 1917 
(lelatively simple 

Rats, distributed practice 


Returns allowed 

27 

5 65 

maze learned m 

Returns prevented 

1 4 

2 25 

four parts) 

Humans 

distiiliuted practice 


Returns allowed 

2 75 

2 


Returns pievcnted 

1 75 

1 7 


Humans, massed practice 



Returns allowed 

87 

6 55 


Returns prevented 

6 8 

6 25 

Hnnawalc (fairly 

Excess 

Total 

coinpleic maze, 

Eriois Time diet 

disc. 

combinntion of 

Rats, 1931 1 3 

2,2 125 

20 

massed and dis¬ 
tributed practice 
Four pai ts) 

Humans, 1934 4 0 

2.2 4 0 

20 


Errors 

Time 

Present cxperi- 

Experiment I 

1 8 

1 8 

mentSi (Ma^e 

Experiment 11 

185 

17 

in two parts ) 

Experiment III 

22 

21 


I sions may be diatvn In the first pUce, the mcre.Tse in difficulty 
IS relatively much greater than the incicase in complexity All the 
numbers in the table aie gieater than one Second, tlie increase m 
difficulty IS relatively much greatei with massed than with dis¬ 
tributed practice, Pechstein’s results are paiticularly str\king, the 
latios from 6 25 to 12 5 showing th.Tt an increase in size of maze 
pattern of four times causes an incicase in difficulty of learning of 
25 to 50 times Our results indicate that doubling the number of 

units of maze pattern conditions about a fourfold incicase in 
effort expended in learning, that is, the difficulty increases as the 
square of the size of the maze Neither Pechstein’s investigation 
nor our expeiiment, however, is wholly satisfactory, because of the 
wide divergence in effort expended in learning the earlier and later 
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paits of the total maze patterns. Pechstein found very great posi¬ 
tive transfer from the first part to the other three sections of his 
maze, while in our work the reverse was true* the number of errors 
and total time, and to a less degree, the number of tiials, were 
greater in learning Pait II than m learning Pait I.® Hanawalt’s 
ratios might also be taken to indicate that the increase in difficulty 
with increase in size of pattern is not so marked for large amounts 
of material, but it is not possible to isolate the influence of this 
factor from that of distribution of time, since Hanawalt combined 
massed and distributed piocedure in both whole and part methods 
In any case, it is evident that, if the waste in the act of connection 
can be reduced to or near zero, the relation of size of pattern to 
difficulty of learning will give the part method the advantage, espe¬ 
cially with fairly simple mazes and massed practice 

2) Relation of complexity of maze pattern to difftculty of 
combining the parts Pechstein concludes from his data that the 
major element of waste in part learning occurs in the act of con¬ 
necting. There is no question of the coriectness of this statement 
as far as maze leainmg is concerned. The fact that Crafts (3) and 
Davis and Mecnes (4) have found greater economy in learning by 
the whole metliod with visual-spatial mateiial, although it shows 
thnt the waste docs not merely consist m the effort required m "form¬ 
ing an association” between two discrete parts (already learned), 
in no way negates Pechstein’s conclusion. In fact it is not possible 
to explain aiuay Pechstein’s findings in this respect, since his gen¬ 
eralization is no more than a plain statement of one of the results of 
all experiments in whole-part maze Icaining Our data indicate 
that the waste in the act of connecting is a constant factor for the 
two complexities of material tested In the part method, the per¬ 
centage of the total eirois which must be ascribed to the difficulty 
of connecting the parts is 28, 29, and 29 per cent for Experiments 
I, II, and III respectively That is, the effort expended in con¬ 
necting tile parts incicases with increasing amount of mateiial pro- 
poitionately with the rise m the difficulty of learning the separate 
parts 


“The fact that returns over the fiist part were allowed while learning 
ihe second part doubtless accounts for some of this difference Another 
possible factor is that the subject had a much better oppoitunity of main- 
tTining orientation relative to his bod}* while tracing the first half of a 
total maze patlern, since each ’’whole*’ maze pattern began at the row of 
blocks nearest his body. 
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c Practice (complexity of material constant) The unit of ma¬ 
terial foi which errors can be most rapidly deleted may become larger 
as subjects get more and more practice in maze learning This process, 
rather than gioup differences, is advanced by the autbojs as the ex¬ 
planation of the greater economy of the part method in Experiment 
III as compared with Experiment II. The 24-unit mazes weie 
learned m both of these experiments, but the subjects who worked in 
Experiment III had already learned Mazes I and U Since our 
hypotheses assume that increasing size of pattern and practice work 
in opposite wajs, it follows that the two factors may paitly or 
wholly cancel one anothei. On the latter supposition wc can ex¬ 
plain the smallness of the differences between the data of Experi¬ 
ment I and Experiment III The pattcins foi Expeiiment III 
wcie twice the size of the patterns for Expeimenfc I. This factor 
operating alone might be expected to'lower the relative supciionty 
of the part method in the more complex mazes. On the other hand, 
the practice that subjects taking part m Experiment III had aheady 
received during their work in Experiment I might have increased 
their ability to handle the larger pattern at high efficiency, and thus 
have moved the ^‘most economical unit” higher up in the scale of 
complexity of pattern. 

Summary 

For learning a visually peiceived maze the part method was found 
markedly supeiior to the whole method in errors, less superior in 
time, while in number of trials there was little difference between 
the two methods The evidence, though inconclusive, indicates 
that practice, sight of the surface of the maze and the movements 
made in tracing, and relative simplicity of problem favor part 
learning. 
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L’APPRENTISSAGE GLOBAL ET PARTIEL D’UN LABYRINTHE 
VISUELLEMENT PERCU 
(R4sum6) 

.. On a 6tudi6 I’economie relative dcs methodes globale et particlle rjiiand 
on nppeend h tracer des formes dans un labynnthe visuel adjustable Dans 
]’exp6rience 1 30 sujets ont appris 24 formes de labynnthe h cul-de-sac de 
12 parties. Quarante-huit formes de cul-de-sac de 24 parties ont eti apprises 
dans I’exp^nence IT par 30 sujets satis exercice ant6rieiir, et dans l’o>cp6nence 
III par 28 aujets employes ant^rieurement dans I’cxpinence I Dans 
routes les experiences on a ^gahs^ lea effets de I'exercice et les diffdrrnces 
entre les groupes ct les Ubyrinthes Les r6suUats montrent guc la mdthode 
pnrtielle est superieuce i la globale de 21 a 43 pour cent dans les erreurs 
moyennes et de 2 h 23 pour cent dans la durec moyenne. Pans les experiences 
I et III les proportions critiques ont 6te assez grandes pour etre signiliantes 
statistiquement Four les 6prcuves lea deux methodes ont ctd h. peu pi^a egales 
aauf dans I’exp^nence II, (jui n montre un .ivantage de 14 pour cent pour la 
mithode globale, Le pourcentage peu 61ev6 (28-29%) des erreurs tolales pour 
la mhhode partielle faites dans la combinaison dcs paitics indique qu'un 
Element principal de peite avec la methode partielle dans les exp^nenccH 
antineures a £t6 rdduit au minimum en simplihant I'ncte de l’int6gr.'itlon 
dcs parties On attribuc cette simpliHcation a la division des formes totalcs 
en deux phitot qu’en quatre parties, et & I’usage d’une Inbyrinthe visuel qui 
a Pcrmis aux sujets de voir leurs mouvemetits en tiagnnt ct ainsi de perce- 
voir I’oricntation gen^raic des parties a la forme totalc La petite quantity 
d'elfort nCcessnire pour combiner ies parties a montrd aussi plus ciairement 
qu’diiparavant tin avantage intrins^que de la methode globale I’augmenta- 
tion disproportionnee de la difficultl de I'apprentissage avec la grandeur 
augmentante de la forme dn labynnthe Jl s'est montr6 aussi quelgue Evi¬ 
dence qiie la mEthode partielle cat favonsEe par 2'exercjce 
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PAi GANZ'- UNO TEIUEiiNEN EINES VISUELL WAHRGENOM- 
MEN LABYRINTHS 

(Refeut) 

Dll, relative Dkonomie des Ganz- im Vcrgleich zura Teilveifahien 
wurdc beim Lerneit des Nadizeichnens dcr Minter in einem anordmings* 
tnhigen, visuellen Labyiinth wntersucht Im ciaten Vcrsuch lemten 30 Vpn 
L/ibyrjnthmiister in 32 Einheiten und 24 Gangen Muster mit vicrundzwanzig 
Einhciten und 24 Gangen wuideti im zwcitcn Vcrsuch von 30 "ungeubten" 
Vpn. gelernt, und im dritten Vcrsuch von 28 Vpn, die fiuhei im ersten 
Vcrsucli gcdient hatten Dbungswirkungen mid Griippcn' und Laliyiinth- 
untcischiede warden in alien Venuchen glcichgemncht Die Eigebnissc 
zeigen, dass die Teilmethoje der Ganzmethode uberlegen lat, mit 21 zu 
43 Piozent an durchschnitclichen Iritumern und 2 zii 23 Prozent an durch* 
schnittlicber Zeit, In Versuchen I und HI waren die VerliaUtiiasc gross 
geniig, lifti statisfi^ch bedeiitsnm zti sein Im llinblid auf Proben waren 
die zwei Methoden iingefahr gleich mit dci Ausnahme von Veisuch II fiii 
die Ganzmetliode, in dein em 14-prQzentiger Vorted vorhanden war Der 
medrige Prozentsatz (28-39^) der Gesamtirrlumei tiir die Trilmethode 
bei der Zusammensetzung dcr Tcilc bewelst, dass cm Hniipteleinent des 
VeAiisfs mit dei Teilmethode in fruheren Expenmenten diiich die Vcicin- 
facluing des Aktes der Deutiing dci Tcde veimindert warden aci Diese 
Vercmfachimg wlrd dei Emteilung der Gesanitmuster m zwei nnstatt in 
vier Teile zugeachrielien, und dem Gebiamh ernes visuellen Labyrinths, 
das den Vpn gestattete, ihre Bewegungen wahrend des Zeichnen^ zu beo* 
bachten und auf dieso Weise die allgemcine Onentiening dei Teilc zum 
gesamtmnstei wnhrziinehmen. Die kleine Energieveiwendnng, um die 
Tcile zu veibinden, zeigte kirfrer als fmhei emen itmeren Vortcil der 
Teilmethode die imverhaltnismaswge Zunahme der Schnierigkeit des 
Lernens mit ciner zunehmenden Grouse dei Labyrmthmusters Es gab nuch 
emige Eviden/, dass die Teilmethode durtli t)bun§ bcgiinstigt wnd 
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HIGH SCHOOL ACHIEVEMENT OF PIFTV-SIX GIFTED CHILDREN^ 

E hAMSOK 

This study is part of a wMer investigation (1) carried forward since 
1922, when a group of children between the ages of seven and nine years 
were selected from public schools m New York City by means of Stanford 
Binet Testa for the purpose of founding two experimental classes of pupils 
testing above 13S IQ." 

The purpose of the present study is to answer certain questions regard¬ 
ing the fitieil high school achievement of the children who were subjects in 
"A Study of Young Gifted Children in Senior High School’* (2). 

1. Did nil the members of the gifted group complete high school within 
the time they had anticipated? 

2. How do the gifted group graduates compare with the control gradu¬ 
ates with reference to ages and acholaatic achievement? 

3. Was the scholastic expectation of the non-graduated group of 1929 
fulfilled upon their graduation? (2, p 2) 

4-. Did the gifted group maintain its superior scholastic achievement 
throughout its high school career? 

The data used in answering these questions consist of the followings 
Number of semesters spent in completing the high school curriculum; ages 
upon entering and upon completing high school; schodl marks and Regents 
record for the entire period spent in high school; membership in Arista 
League; and certain data from the 1929 study 

The last two of the gifted group to be graduated from high school re¬ 
ceived their diplomas in June, 1931 

The control group of graduates were selected by the method used in se¬ 
lecting the control group of survivors (2, p 5). The complete school record 
was obtained for each of the graduates. 

The average number of semesters spent by the gifted group was 8 3S ns 
compared with an average of 8 4 semesters spent by the control graduates. 
The difference is not sigmficpDt 

^Detailed report of this follow-up study read before Sections I and Q, 
Ameruan Association for the Advancement of Science, Atlantic City, 
December, 1932 

*This wfis done by the action of a joint committee, consisting of Mr 
Jacob Theobold and Miss Jane Monahan of Public School 165, Manhattan, 
and of Dr. Grace A Taylor, Miss Margaret V Cobb, and Professor Leta 
S HoIUngworth of Teachers College, Columbia University, with the advice 
of District Superintendent John E Wade The work of this committee was 
financed m part by a grant from the Carnegie Corporation of New York. 

233 



234 


SHORT ARTICLES AND NOTES 


Whereas the non-graduated group had hoped in 1929 to complete the 
remainder of their high school course within an average of 8,2 semesters 
(2, p 79), they spent 8 35 semesters The reasons for the incieaae in the 
aggregate time are known Five members of the gifted group enteied a 
private high school which planned to inquire of them five years of attendance. 
One member discovered, upon moving from New York City, that the year’s 
work he had done in piivate high scliool would not be ciecHted upon the 
course he had decided to offer ns preparation far college entrance During 
the four years he spent In the second high school, he completed five years 
of work, and upon graduation was granted one year of credit by the univei- 
sity he entcicd the following fall. His scholastic achievement was of suffi¬ 
ciently high order for him to be awarded a scholarship to the university. 

One member of the gifted group finished the required number of college 
entrance subjects within the four-year period, but neglected to meet the 
graduation requiiements m physical education During the ninth and tenth 
semesters this individual fulfilled the physical education requirements nnd 
took several academic subjects. Another member entered at midyear a 
piivate high school winch regularly requires five years to complete its 
curriculum In this instance five and one-half years were required because 
the course is completed in June only. Two members who could have been 
graduated with the class of June, 1929, decided to take additional college 
preparatory subjects and voluntarily deferred their graduation for a semes¬ 
ter 

The data used in answering the question regarding the ages and scholas¬ 
tic achievement of the two groups are picsented In Table 1 and Table 2 


TABLE 1 

Comparison or Gifted Group and Control Graduates with Rcf-ercncb 
TO Aoe at Certain Stages op Thbir High School Career 


Ages 

Gifted 

group 

Control 

graduates 

Diff 

P E Dilf 

Average age in years upon 

entering high school 

117± 055 

13 5 ± .072 

20.0 

Average age in years upon 

graduation from high school 

15 8 ± 061 

17.6 ± .077 

13.6 

Age of youngest entrant 

9 yrs 4 raos, 

11 yrs 2 moa 


Age of oldest entrant 

15 yrs 3 moa. 

15 yrs 3 moa. 


Age of youngest graduate 

13 yrs, 9 mos, 

17 yrs. 7 mos. 


Age of oldest graduate 

17 yrs 2 moa. 

21 yra. 5 mos 
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Oa the aveiage the gifted group was approxirhately two yeais younger 
than the control graduates at the time the respective groups entered high 
school and at the time the respective groups were graduated from high 
school. Throughout their high schooi period the gifted group was approxi¬ 
mately two years younger than any of their control groups (2, p. 7+), a 
statistically significant fact. 

TABLE 2 

Comparison Between GirrEo Group and Control Graduates with 
Reference to Regents Examinations and School Subjects 




Control 


Diff. 

Seta of marks 


graduates 

Difference 

PE Diff. 

Regents marks 



52 


Mean 

82 3 

77 t 


S D of distribution 
Probable eiror 

54 

57 



Of mean 

Of difference 

S5 

42 

.67 

77 

School marks 





Mean 

78 1 

73 2 

49 


S ID of distribution 
Probable error 

6.2 

48 



Of mean 

Of difference 

.56 

34 

66 

7,4 

Difference between the 
means 

42 

39 



P.E of difference 
Difference 

78 

55 



F E, difference 

54 

7.3 




Both the final Regents record and the final record m school subjects made 
by the gifted group are significantly superior to that of their control gradu¬ 
ates (2, pp 31-33). Both groups made a; significantly higher record in 
Regents Ex.itninations then m school subjects Whereas 90 per cent of the 
control graduates availed themselves of the opportunity to take Regents 
Examinations, every member of the gifted group having the opportunity to 
take Regents Examinations did so. 


TABLE 3 

Comparison Between 1929 School Marks of 26 Non-Graduates and Their 
1931 School Marks When They Had Bbcombi Graduates 


Sets of marks 

1929 

1931 

Difference 

Diff 

P.E Diff 

School marks 

Mean 

76 7 

76 8 

.1 


P E of mean 

PE of difference 

1.31 

1 21 

.36 

.3 
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Whereas the non-graduated group had hoped in 1929 to complete the 
remainder of their high school course Tvitbin an average of S.2 semesters 
(2, p. 79), they spent 8 35 semesteis The reasons for the increase in the 
aggregate time are known. Five members of the gifted group enteied a 
private high school which planned to lequireof them five years of attendance 
One member discovered, upon moving from New York City, that the year’s 
work he had done in private high school would not be credited upon the 
course he had decided to offer as preparation for college entiancc During 
the four years he spent in the second high school, he completed five years 
of work, and upon graduation was granted one year of credit by the univer¬ 
sity he entered the following fall Ilia scholastic achievement was of suffi¬ 
ciently high order for him to be awarded a scholarship to the university. 

One member of the gifted group finished the leqmred number of college 
entrance subjects within the four-year period, but neglected to meet the 
graduation requirements in physical education. During the ninth and tenth 
semesters this individual fulfilled the physical education requirements and 
took several academic subjects Another member entered at midyear a 
private high school which regularly requires five years to complete its 
curriculum In this instance five and one-holf years were required because 
the course is completed m June only. Two members who could have been 
graduated with the class of June, 1929, decided to take additional college 
preparatory subjects and voluntarily deferred their graduation for a semes¬ 
ter 

The data used in answering the question regarding the ages and scholas¬ 
tic achievement of the two groups ate presented m Table 1 and Table 2. 


TABLE I 

CoMrARiaoN OF Gifted Group and Control Graduates with Reference 
TO Aob at Certain Stages or Their High School Career 




Control 

Diff 

Ages 

group 

graduates 

P. E.Diff 

Average age In years upon 
entering high school 

11.7 ± 055 

13.5 ± .072 

20 0 

Average age in years upon 
graduation from high school 

15 8 ±.061 

17.6 ± .077 

18.6 

Age of youngest entrant 

Age of oldest entrant 

9 yrs 4 mos 
15 yrs 3 mos 

11 yrs. 2 mos. 
IS yrs. 3 mos 


Age of youngest graduate 

Age of oldest graduate 

13 yrs 9 mos 
17 yrs. 2 mos. 

17 yrs 7 mos 

21 yrs 5 mos 
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On the average the gifted group waa approximately two years younger 
than the contro] graduates at the time the respective groups entered high 
school and at the time the respective groups were graduated from high 
school. Throughout their high school period tUe gifted group was opproxt' 
raately two years younger than any of their control groups (2, p. 7+), & 
statistically significant fact. 

table 2 

CoMPAnisON Between Gifted Group and Control Graduates with 
I lBr^RENCB TO RBGBWT3 EXAMINATIONS AND SCHOOL SUDJBCTS 



Gifted 

Control 


Diff 

Sets of marks 

group 

graduates 

Difference 

PE Diff. 

Regents marks 





Mean 

82 3 

77.1 

5.2 


S.D. of distribution 
Probable error 

54 

57 



Of meari 

Of difference 

55 

.42 

67 

7.7 

School marks 





Mean 

78 1 

73 2 

49 


S D. of distribution 
Probable error 

62 

48 



Of mean 

Of difference 

.56 

.34 

66 

74 

Diffetence between the 
means 

42 

3.9 



P E of difference 
Difference 

.78 

55 



PE difference 

5.4 

73 




Both the final Regents record and the final record in school subjects made 
by the gifted group are significantly superior to that of their control gradu¬ 
ates (2, pp 31-33), Both groups made a, significantly higher record in 
Regents Examinations than in school subjects Whereas 90 per cent of the 
control graduates availed themselves of the opportunity to take Regents 
Examinations, every member of the gifted group having the opportunity to 
take Regents Examinations did so 


TABLE 3 

Comparison Between 1929 School Marks op 26 Non-Graduates and Their 
1931 School Marks When They Had Become Graduates 


Sets of marks 

1929 

1931 

Difference 

Diff 

PE Diff. 

School marks 

Mean 

76 7 

76 8 

.1 


PE of mean 

PE. of difference 

131 

1 21 

.36 

.3 





236 


SHORT ARTICLES AND NOTES 


In order to determine whether the Don-graduated group of 1929 fulfilled 
their scholastic expectation upon graduation, the data in Tables 3-5 were 
assembled Table 3 presents a comparison between the 1929 school marks 
of the 26 non-graduates and their 1931 school marks when they had be¬ 
come graduates. 

Table 4 presents a comparison between 1929 Regents marks and school 
marks for 16 non-graduates and their 1931 Regents marks and school marks 
when they had become graduates. 


TAPLE 4 

Comparison of 1929 Regents Marks and School Marks for 16 Non- 
Graduates AND Their 1931 Regents Marks and School 
Marks When They Had Become Graduates 


DifE 


Sets of marks 

1929 

1931 

Difference 

PE Dili 

Regents marks 





Me.tn 

83 8 

81 6 

2,2 


P E. of mean 

PE of difference 

1.01 

1 01 

142 

1.5 

School marks 





Mean 

81.0 

76 3 

47 


P E of mean 

P.E. of difference 

114 

1 26 

1 69 

28 

Difference between means 

2.8 

52 



PE of difference 

Difference 

152 

1 61 



P.E. difference 

18 

3 2 




Table 5 presents a comparison of the coefficients of correlation between 


Regents marks and school marks of 1929 and 1931 for 16 non-graduates of 
1929 

TABLE S 

Comparison qe Coefficients of CoRREnATraN Between Regents Marks and 
School Marks of 1929 and 1931 For SirrsEN Noh-Graduates of 1929 


Set of marks 

1929 

1931 

Difference 

Diff. 

PE Dili 

Coefficient of correlation 

86 

.82 

04 


Probable error of coefficient 





of Correlation 

.OH 

.055 



Probable error of difference 



07 

6 


None of the differences in Tables 3-5 la fitatistically significant The 
1929 scholastic expectation of the noQ-graduated group was fulfilled and the 
1929 scholastic record of the entire gifted group was unaltered 
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To determine -whether the gi£ted group has maintained its scholastic 
superiority, a comparison has been made in Table 6 between data from 
Table 7 of the 1929 study (2, p 32) and Table 2 of the present study 


TABLE 6 

Comparison of the Scholastic Achievement of 1929 and 1931 by the 
Gifted Group and by Their Respective Control Groups 


Sets of marks 

Gifted 

group 

Control 

graduates 

Differ¬ 

ence 

PE 

Diff 

Dili. 

PE Diff 

Regents marks, 1929 

33 5 

76 B 

67 

63 

9 8 

Regents marks, 1931 

82 3 

771 

52 

67 

77 

Difference 

12 

3 




P E of difference 

S3 

4S 




Difference 






PE difference 

22 

.6 




School marks, 1929 

78 1 

72 9 

52 

6 

8 6 

School marks, 1931 

781 

73 2 

49 

.66 

74 

Difference 

00 

3 




P E of difference 

.79 

.56 




Difference 






P.E difference 

00 

53 





The diJIerences between the scholastic records of 1929 and 1931 for the 
gifted group and their respective control groups, both in Regents marks and 
in school marks, are small and not statistically significant. Although the 
differences between the averages made by the two groups both in Regents 
marks and school marks for 1931 are smaller than the corresponding differ¬ 
ences for 1929, the average for the gifted group is still significantly superi¬ 
or The gifted group, true to prediction (2, p 42), has maintained through¬ 
out Its high school caiecr a scholastic achievement significantly superior to 
that of the control groups. 

Of the gifted group attending high schools having Arista League 42.5 
per cent were elected to this scholaiship society Prom the control gradu¬ 
ates 5 4 per cent weie likewise elected The peicentagc of elections to 
Arista among the gifted group is approximately eight times aa large as that 
among control graduates, and four times aa large as the percentage for 
graduating classes in three high schoola (2, pp 37-39). 

The conclusions readied in the 1931 supplementary study are 

1 The modal number of semesters spent by both the gifted group and 
the group of control graduates in completing the high school curriculum 
was eight The slight difference between the average number of semesters 
spent by the gifted group and by the control graduates is not statistically 
significant. Whereas, in 1929 the members of the gifted group expected to 
complete high school in an average of 2 2 semesters, an average of 8 35 
semesters were needed 
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2 The final scholastic record of the gifted group, who were two years 
younger on the average than any of their control groups, was significantly 
superior to that of the control graduates, 

3 The scholastic expectation of the 26 gifted pon'gradiiatea of 1929 waa 
fulfilled when the entire group had been graduated The final record of 
the non-graduates of 1929 was the same as that of the graduates of 1929, 
The scholastic achievement between June, 1929 and June, 1931 on the part 
of the non-graduatfid group did not alter the 1929 scholastic record of the 
entire gifted group 

4* The gifted group maintained throughout its high Bchoo! career u 
scholastic acliievement, deluding its disproportionate percentage of elections 
to Arista, significantly superior to that of the several control groups. 

S. Voung gifted children in senior high school tend to maintain superior 
lOtellectuaJ achievenieot tliroughout the entire course 


References 
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Norman L. Munn. A Laboratory Manual tn General Expermental Psy- 
chohgy, Pittsbargh- Univ Pittsburgh Book Store, 1934 Pp, 114-)-supple¬ 
mentary- question pages, lettered a 

In considering a Psychology Laboratory Manual for classroom adoption 
one generally expects it to contain among other features the following, (1) 
a choice of experiments which are representative of the Held, (2) a choice 
of experiments which make possible the use of the laboratory equipment at 
hand, (3) clarity of instructions to subjects and experimenters, (4) pro¬ 
fundity, clarity, pertinence, and inclusiveness of questions and exercises per¬ 
taining to the vaiJoua experiments, and (5) choice and arrangement of 
references. It must, of course, be admitted that each laboratory has ita own 
traditions, equipment, favorite experiments, etc Hence in evaluating the 
above features the particular complexion and needs of a. given laboratory 
will naturally play an important role Taking cognizance of such qualifica¬ 
tion, Munn’s A Laboratory Manual %n General Experimental Piyiholoffy ap¬ 
pears to me highly successful in ftifilling the proposed criteria Let us now 
consider the manual in the tight of these criteria. 

1. The manual contains 65 experiments which are divided as follows: 
emotionul behavior, 3; aesthetics, 2; sensory processes, 19; perceptual pro* 
cesses, 6, attention and discrimination, 3, imagery and association, 2, reac¬ 
tion processes, S, individual differences, f; the learning process, 14, social 
psychology, 4; and animal psychology, 5. This numerical distribution appears 
to be quite well in agreement with recent experimental interest in the re¬ 
spective fields. Possible exceptions to this are the number of experiments 
devoted to animal psychology, Individual differences, onil emotional behavior. 
However, many laboratories have inadequate facilities for experiments with 
animals, and emotional processes require elaborate equipment for successful 
demonstration On the other hand the omission of Pearson’s Product-Moment 
method for computing correlations, the somewhat inadequate presentation of 
graphic methods, and the omission of reliability equations in the chapter on 
individual differences may appear a weakness to some who consider the 
book for adoption Such and other minor omissions are, however, readily 
offset by the unusually large selection of 65 experiments which represent the 
older classical experiments as well as the more important recent ones 

2 Taken as a whole Munn’s experiments call for a considerable amount 
of laboratory equipment, more probably chan a number of laboratories con¬ 
tain. But this feature is again offset by the wide (.hoice of material. 1 have 
found It comparatively easy to adapt the manual to a rather modest supply 
of apparatus by instituting minor changes here and there and by substituting 
an occasional experiment from other manuals 
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3 The rcvievvcr feels that Munn has been unusually successful in keeping 
the directions to experimenters and the instructions to the subjects concise 
without serious loss of clarity. 

4 The questions and eTcrciaes pertaining to laboratory experiments are 
always of utmost importance because it is in this connection tiiat the student 
best displays bis understanding of the problem and his knowledge of the 
literature concerning the problem under investigation It is here also where 
the author of a manual best displays his orientation in the field of Expert- 
mental Psychology, anti his abiliQ' to hit the most important facts out of the 
literature for the purpose of converting them into stimulating and instruc¬ 
tive questions. Space, of course, would not permit one to examine all of the 
questions in the manual Hence I shall examine two experiments chosen at 
random for the purpose of pointing out some typical features of the questions 
in the book. 

On pp. 41'41a we find an experiment on visual apace perception which en- 
deavois to present the factors of binocular vision, double images and stere¬ 
oscopy. The following questions are introduced to sum up the results 
“I, What explanation of the results on binocular ond monocular discrimina¬ 
tion of distance arc you able to offer? 2. How may double images be ex¬ 
plained? Attempt M explain each of the phenomena observed. 3. How do 
you explain the phenomena observed with the stereoscope? 4 From your 
reading and general observation, what would you say are the chief cues upon 
ilie basis of which perception of tridimensional space is made possible?" 
These questions, when considered as a whole, appear to the reviewer a bit 
too general for an adequate exploration of the problems involved In con¬ 
nection with question 2, foe Instance, ie might be well to call for a diagram 
demonstrating the occurrence of double images under the various conditions; 
also, to draw a diagram showing how the fusion of images occurs, when 
(n) the fixation point is the furthest of two parallel points, {b) when the 
fixation point is the nearest of the two To supplement the general qucatiou 
"How do you explain the phenomena observed with the stereoscope?", it 
might be well to add a number of specific questions The following may 
serve as examples' What factors enable one to get the impression of depth 
and distance from a single plane picture? How do these factors compare in 
importance with the binocular vision factor? What is the function of the 
lenses, the screen midway between the lenses, and the sliding carries of a 
stereoscope? What are the primary and secondary cues for depth perception 
in stereoscopic vision? In connection with this experiment it would also be 
well to devote a section to binocular fusion and rivalry 

Another example of the generality of the questions is to be found in the 
experiment on Maze Learning on pp Sl-81a The questions following this 
experiment concern a comparison of the maze learning and letter-digit sub¬ 
stitution curves, plateaus, the physiological limit, the Vincent learning curve, 
relation of motor skill to intelligence, and the relation of time and errors in 
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maze learning. There are, hovrever, no specilic questions concerning the ac¬ 
quisition of the maze habit as such. Additional questions, like the follo'wing, 
might aid the student in comprehending more fully the various steps in¬ 
volved in maze learning, If one becomes confused in one trial after the 
learning has progressed to some extent does it tend to cause confusion in the 
immediately succeeding trials? Does the learning of the true path in the 
maze cause the blind alleys to be eliminated spontaneously or must one actu¬ 
ally inhibit the entrance into blind alleys as well as try to keep in the true 
path? Do any parts of the maze seem more difficult to learn than other 
parts? How do kinaesthetic processes operate in maze learning? How may 
the fact be explained that “useless" movements tend to drop out (tinne and 
errors tend to decrease) as practice goes on, instead of persisting by habit? 

5 In the choice of references Munn has drawn heavily from the more 
recent literature This probably is justiBable if not carried to the extent of 
omitting the older classical experiments 

In the arrangement of the references Munn has again resorted to a good 
deal of generality He has placed all of the references at the beginning of a 
chapter, e.g, The Learning Process. This makes it difficult for the student 
to choose the liternture pertaining to n given experiment To the reviewer 
It would appear more desirable if the references were given jn connection 
with specific questions and exercises, even to the extent of giving page refer¬ 
ences which discuss the phenomena in question The possibility that with 
such an arrangement the insincere student would read only the pages re¬ 
ferred to could be offset by assigning a greater number and variety of 
references 

P H. Ewert 

University of Vermont 
Burhni/ton, Vermont 


Flohencb L Goodenouch Developmental Psychology New York Ap- 
pletion-Century, 1934 Pp vii-i*619 

Those who are teaching courses in child psychology will welcome this 
book as probably the most useful text in the field The author has shown 
an extensive familiarity with the literature dealing not only in child psy¬ 
chology but ivith psychological problems in general The material touches 
upon an incredible number of problems about each of which many 
volumes have been wiillen, but the author has shown disciiinination 
in pointing out the salient issues so that the student is not lost in 
an account of a multitude of specific experiments which may have slight 
bearing upon the problem The literature on diverse topics has been thor¬ 
oughly assimilated and is presented in a direct and comprehensible manner 
The cumbersomeness of direct quotations has been wisely avoided Prob- 
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leras about which there la vast theoretical controversy are discussed with 
lucidity and are woven into meaningful, practical illustrations oi experiences 
which would probably constitute part of any student's daily life. There 
appear at the beginning of each chaptci several leading questions aimed 
to provoke on the part of the student at the outset a questioning attitude. 

After an Introductory chapter on the “study of human development^’ and 
another on experimental methods of attacking psycliological problems, the 
general organization of the book involves discussion of human behavior in 
large chronological periods, viz,, hereditary background, prenatal period, 
the newborn infant) infancy proper, early childhood, later childhood, add. 
cscence, adulthood) and old age. These divisions seem to imply that 
developmental processes and paychological probiems are distinctive to these 
periods. There is, for example, a chapter on “How Older Children Learn” 
aa if there was something in the learning process peculiar to this age level 
In fact the writer says that “children learn from the beginning but they 
learn casually, incidentally By the age of six or seven, however, a new 
element comes into his learning which will thereafter play a highly im¬ 
portant part in modifying bis behavior and extending hia range of accom¬ 
plishments Trom then oo the child not only learns He tries to learn” 
She does not, however, show that the trymp at this age is different from 
that indicated by an infant trying to learn to walk It seems to the present 
reviewer (bat the featuring of cbroaological periods is unfortunate since it 
must cloud the concept of development as an ever continuous on-going 
process. 

The chief criticism of the book ia an academic one. Just what should be 
covered under the title of “Developmental Psychology” is a matter of ques¬ 
tion Certainly it transcends human development. The human is only one 
phase in a long complex phylogenetic senes. Perhaps a more appropriate 
title for this book would have been "Human Ontogeny'' 

Because the author has succeeded in eliminating a lot of excess material 
and presenting the salient Issues in simple direct language this text vrill be 
of great benefit to the beginning student. 

Myrtle B. McGraw. 

Normal Child Development Cltmc 
Babies Hospital 
New York Ctty 
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AN EXPERIMENTAL STUDV OF THE ONSET OF 
BEHAVIOR IN THE FETAL GUINEA-PIG 

From the P:ythc}offical Lnbomlory of Brown Uiiwersily 


C S Bridgman and Leonard Carmichael 


I Introduction 

In an earlier publication by one of the authois, dealing with the 
origin tind development of motility in the fetal gumea-pig, the exact 
natuic of the first responses of the fetus could not be definitely 
descjibed because a sufficient number of animals had not been studied 
in the veiy fiist stages of motile life (7). The present paper 
rcpoits a study of 47 fetal litters compusmg 146 fetuses in the 
period immediately before and Immediately after the onset of somatic 
motility 

The problem of the nature of the first responses of tlie mammalian 
fetus IS one of general significance for the whole science of behavior 
It is also at present a field in which the interpretation of observa¬ 
tional data has led different investigators to divergent conclusions 
In this paper the status of tlie problem in terms of the work of 
active investigators will first be summarized briefly and then the 
findings of the present cxpciiments, their interpretation, and their 
bearing upon the points which arc at present controversial will be 
given 


II Present Status of the Problem 

The elaborate modern study of the relationship between the de¬ 
velopment of behavioi and the development of the mechanisms upon 
which behavior depends may be considered to have begun with 
Coghill. The early part of the woik of this investigator was sum¬ 
marized by him in 1929 (9) On the basis of his studies on the 
larval Amblystovia, Coghill holds that behavior develops as the 
gradual expansion of what is termed “a total pattern.” This pattern 
is said to be completely integrated from the first. By a process 
termed ‘‘individuation*’ partial patterns or reflexes become separated, 
in a measure, from this unitary whole, as development progresses. 
Thus, special reflexes, such as independent movements of one limb, 
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occur first only as a part oi a total pattern involving the whole 
organism. Later through individuation it is asserted that these 
apparently isolated responses acquire a measure of independence 
Further, on the basis of such work as that of Child (8), Coghill 
holds that the primary conduction paths of the neivous system arise 
out of pre-ncural gradients The first physiological stage in the 
development of motility is held to be one in which ‘'the muscles can 
be excited to conti action by direct stimulation, as bj the stab of a 
sharp needle, by mechanical impact or by electricity, but cannot be 
excited by light touch on the skin” (9). Anatomically during this 
period he further points out that there arc both sensoiy and motor 
nerves in contact with their respective end-organs, receptors and 
effectors, but that the connecting mechanisms in the central nervous 
system have not yet fully developed. With the growth of cells 
in the floor plate of the medulla connection of the afferent and 
efferent mechanisms is effected and lesponse to touch stimulation can 
be effected. The possibility is also noted by this investigator that 
in Amblystoma as well as m the toadfish, as described by Tiacy (23), 
It may be that the efferent nervous system is functional before the 
afferent system Thus, after the independent effector stage there 
may be a stage when only the cffeicnt neural mechanisms, stimulated 
endogenously, are capable of effective functioning. Coghill, how¬ 
ever, notes that if this is true in Amblystoma its obvious appearance 
is masked by a dominating afferent system. 

According to this same investigatoi the result of the neural mech¬ 
anism just described on behavior is that, in Amblystoma at least, 
the first movement involves the trunk, next passive limb movement, 
and at length, after a day or two, local lesponses of the limbs “It 
is obvious, therefore,” he says, "that the first limb movement is an 
integral pait of the total reaction of the animal, and that it is only 
later that the limb acquires an individuality of its own in behavior” 
(9) That Coghill does not consider this description to be limited 
to Amblystoma but also to be applicable to man is attested bv his 
statement that he is convinced that behavior develops in "man as it 
docs m Amblystoma by the expansion of a total pattern that is in¬ 
tegrated as a whole from the beginning and by individuation of 
partial patterns (reflexes) within the unitary whole” (10) Tliat 
the extension of the pattern of development discovered in A?nblysioma 
to mammals and man is still hypothetical will, howevci, probably 
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be admitted by all Yanase (33) and Strassmann (19) are quoted 
by Coghill in the same papei, from which the excerpt two sentences 
above is given, as leporting the earliest recorded human fetal response 
as limb movement. In this connection it must not be foigotten that 
the larval Amblystomn freelv svFims when even the place of its future 
fore limbs is marked only by haiely perceptible nodules on the sur¬ 
face At this time, prior to its metamorphosis, Amblystoma actively 
swims by moving its whole tiunk with its relatively great tail and 
its fin-like fold It is not surprising then that m this period in this 
organism, before lungs have developed, and when the limbs tliem- 
selves arc first glowing, limb movement should be at first passive 
In mammalian fetuses the very first somatic movement does not take 
place until the limbs are relatively well formed, and it is not impos¬ 
sible therefore that the pattern of development discovered to hold 
for Afiiblystom/i will not fit the mammal or man. Indeed, if one 
wished to look for a “iccapitulation" of amphibian behavioi m the 
mammal one would expect, by anatomical analogy, tliat such behavior 
would appear at a period bcfoie the limbs had developed, but un¬ 
fortunately this is a period in which, because of its neuro-musciilar 
mechanism, no mammalian fetus can move. It would therefore seem 
almost surprising if the mammalian fetus passed through the same 
stages m the development of behavior as docs the larval Amblystoma 
during Its metamorphosis 

Following the work on Arnblptoma by Coghill, a number of 
woikers in this investigator’s laboratory have attempted a similar 
study of the development of behavior in relation to Its neural mech¬ 
anisms in the fetal mammal. Swenson (20-22) and more recently 
Angulo y Gonzalez (1-5) have studied in detail the onset and 
development of behavior m the fetal rat Moreover, work of this 
latter investigator indicates, he reports, that a sequence of develop¬ 
ment not unlike that found in Amblystoma can be traced in the 
developing rat fetus. He finds that movement first occurs about 378 
hours after insemination in the rat fetus He reports that "this 
movement consists of a feeble lateral flexion of the head involving 
only the neck region The movement is very slow and of small 
amplitude " This movement then "progresses so as to involve first 
the fore limbs and later on the rump” It is further noted that 
"During the early stages of development the appendages move only 
with the trunk.’’ At first, stimulation of the snout leads to "a total 
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mass icaction” Descriptively, however, this is piimanly a lateral 
flexion ot the trunk It is only during later pci ioJs uf development, 
this investigator holds, that specific reflexes appear. Even during 
these periods, howevci, the secondary or reflex movements aie still 
"under the dominance" of the primary pattern of which they arc 
initial components Angulo y Gonzalez further points out that 
motor nerves, of a soit to make possible limb movement, are func¬ 
tional befoie the sensoiy nerves in the fore paws can be stimulated 
tactually Moieover, by expeiimental means he sliows that an alter¬ 
ation in tlie metabolites of the blood stream can change tlie nature 
of these movements, presumably by direct action on the central 
nervous system, at a peiiod eailier than that at which such move¬ 
ments can be exteroceptively aroused In summaiy, then, it can be 
said that Angulo y Gonzalez’ results, based on his study of the onset 
of behavior m the rat fetus, and his Interpretation of these results, 
aie in close harmony with Coghill’s description of the development 
of behavior in the limbless, free-swimming laival Amblystoma before 
Its metamorphosis 

In a senes of publications Windle and his collaboratois have 
repoited studies on a number of oiganisms of the development of 
behavior and its neural basis during the fetal period (16, 24-32). 
The general conclusions, of this work have been diffcient from those 
of Coghill and his associates just reviewed In 1931 Windlc and 
Griffin report that in the cat the first movement took place in a 
16-mm. fetus as follows "it showed momentary and almost imper¬ 
ceptible slight motility . . the very slightest, slow, ventrolateral 

head flexion occuiied and was repeated once or twice” In a fetus 
of 17 mm it IS reported, "Simultaneous with these neck-pectoral- 
trunk movements flexion of the fore legs occurred, and this was not 
a passive involvement only, but could be distinctly detei mined as a 
new active movement” In the anatomical study of these embryos 
the importance of the appearance of numerous sensory collaterals in 
the posterior funiculus fibers of the cervical cord at just the time 
that motility begins is emphasized. In a subsequent study, also using 
the cat, Windle, O’Donnell, and Glasshagle report that spontaneous 
movements were observed in cat embryos 14.5 mm. and 15 mm long. 
These movements took place first in the fore limbs, then in the 
neck. Later "mass movements” develop But, "Simple, local unit 
muscular contractions can be elicited a day earlier than spontaneous 
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mass movements” (30) Fuither, m summary of the elaborate 
histological study of the central nervous mechanisms of the cat fetus 
just at the onset of behavior the following statement is made* 
‘‘Morphologically and physiologically, there is no evidence that the 
concept of a graduallv expanding total pattern completely integrated 
from the beginning (Coghill, *29) can be applied to the first leg 
reflexes of the cat embryo** (26). Further it is pointed out that 
these movements “appear to be true, local reflexes.*’ In a more 
recent study Windle, Mineai, Austin, and Orr report an elaborate 
investigation of the rat fetus The results of this study are not in 
complete agreement with the results secuied by Angulo y Gonzalez 
summarized above In the study by Wmdle and his collaborators 
great care was taken to differentiate between the responses resulting 
from the direct stimulation of skeletal muscle and the onset of true 
neurally dcteimincd responses. By the middle of the 16tli day after 
insemination (374 hours) rat embryos began to respond reflexly to 
various stimuli “Flipping the forclimb at times induced a quick 
outward and backward twitch of the limb as a whole or of its distal 
part, depending upon the size of the specimen This response was 
usually unrelated to any trunk movements” (29) Extension and 
flexion of the head, howevei, followed stimulation of the snout. That 
these fore-limb responses are true reflexes and not the result of direct 
stimulation of muscles, these investigators hold for the following 
reasons • 

They were (1) relatively quicker, (2) not neceasarily moving 
the member far as it was capable of being moved by maximal 
contraction of the muscle (3) A noticeable intent period 
usually appeared to follow the application of the stimulus, and 
sometimes summation of stimuli seemed to be effective when a 
single one failed (4) There was no marked tetanic quality of 
the response, the member returning quickly to the normnl posi¬ 
tion (5) One response nearly always seemed to render n suc¬ 
ceeding stimulus ineffectual for some momenta, suggesting a 
long refractory phase (6) The response was quite stereo¬ 
typed, regardless of where the stimulus was applied the plane 
of reflex movement was the same (7) Its presence depended 
to a very great extent upon the physiological condition not 
alone of the embryo but likewise of the parent rat The^e 
characteristics appear to be shared by the forelimb, head, 
trunk, and hindJimb reflexes in their earliest development (39) 



252 


C S. HRIDGMAN AND LEONARD CARMICHAEL 


In contrast to the conclusion of Windlc that the first responses 
of the rat fetus are reflex in character must be placed a recent state¬ 
ment of Angulo y Gonzalez (5). This investigator again re-asserts 
the view that the fetus passes through thice stages in the eaily de¬ 
velopment of response—myogenic, neuio-motor, and sensoiimotor. 
He also alleges, against Windle’s fourth point above, that to minimal 
stimulation myogenic responses allowing quick relaxation to take 
place do, under certain circumstances, occur. Moreover, in an ex¬ 
periment reported in this study, a norm for the time required for 
the abolition of reflexes after curare had been injected intraperitoneally 
was established. Using this norm, it was found that after the time 
had elapsed which should have been sufficient to bring about the 
abolition of reflexes. light touching of the fore limb nevertheless still 
gave a response identical with that observed before the curare had 
been injected. On the basis of this experiment it is concluded that 
in the fetuses being studied stimulation of muscle brings about re¬ 
sponse in independence of the nervous system The age of the 
fetuses on which the experiment was done is, howevei, not specified, 
and this is obviously a crucial point If the fetuses in question are 
older than the ones in which first responses appear, the result would 
not necessarily be relevant concerning the nature of such very eaily 
behavior. Moreover, the exceedingly transient character of the first 
responses in cat, gumea-pig, and rat fetuses, as obscived by the present 
writers and as emphasized by Windlc, makes it seem unlikely that 
the experiment using curare could be carried out on the veiy earliest 
motile fetuses. It should also be emphasized that the first responses 
are apparently very easily influenced by the anesthetic which may 
have been applied to the maternal organism during the preparation 
of the fetuses for observation, and evidence in regard to this factor 
IS not given in this last report of Angulo y Gonzalez 
Beside the work just briefly reviewed, there have been some other 
studies which have an mdirect bearing on the present pioblem. 
Notable in this connection is the work on chick embryos winch was 
carried on by Kuo (14, 15) and Orr and Windle (16), but this 
need not be summarized here Coronios (11), working iti the Brown 
Laboratory, found in a study begun m 1928 on the development of 
behavior in the cat fetus that, in the very onset of such behavior, 
neck flexion, with possible accompanying fore-limb flexion, was the 
first observable movement. In a previous study one of the present 
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vvi Iters reported that the first movement of the gujnen-pig fetus 
seemed to be a lateral flexion of the neck and a possibly independent 
movement of the foie limbs (7). This conclusion was made tenta¬ 
tively because it was based upon too few observations. 

The present investigation was undertaken therefore in order to 
complete the previous study and to settle, in so far as possible from 
behavioral observation, the question, “What is the nature of the first 
fetal response of the guinca-pig?” The hope of the investigators 
was also that indirectlv the answei to this question might be expected 
to give additional evidence conceining the question as to whether the 
onset of behavioi in mammals is best to be considered m teims of 
mass-movement involving the total organism or in terms of discrete 
reflexes. 


III. Experimental Procedure 

In general, the same experimental pioceduics as those dcsciibed m 
a previous paper by one of the present authors were used in this 
study (7) By the employment of these techniques it is possible 
operatively to expose for observation and motion-pictuie lecoiding 
each fetus as ft is to be studied This is accomplished under rela¬ 
tively normal conditions and after the maternal organism lias had 
ample time completely to recover from the anestlietic applied in the 
prclimmarv operation. Both of the authors were present at each 
experiment reported in this paper and tlic dictated protocols were 
agreed upon in each case by both. 

In general, the following observational procedure was caiiicd out 
on each fetus studied (1) The uterine vesicle was opened and the 
fetus exposed without injuung the amnionic sac. Observations weie 
made at this point. (2) The fetus was then observed in the clear 
liquid of the sac which was itself under the liquid of the bath 
This observation occupied vaiyiiig lengths of time up to seveial min¬ 
utes and duiing this period no stimulation of any soit was applied, 
save that necessarily induced by the change of pressuies caused by 
the opejation and, although this is probably melevant, by the strong 
lights wliich were directed on the bath (3) If "spontaneous” be¬ 
havior occuned, tins was noted and photogiaphed by the special 
moving-picture cameia airangemcnt pieviously described (6, 7) 
When the fetus had become quiet, or if no spontaneous movement 
appeared, after a shoit waiting period, external stimulation was 
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applied first by pressing and second by lightly stroking the outside 
of the amnionic sac Ordinarily this was first done so as to change ■ 
the pressure relations of the liquid suirounding the fetus, but not 
directly to touch it After this sort of stimulation the fetus was 
more directly stimulated at various points by pressing down but not 
puncturing the sac in such a Wtiy that the fetus was directly stimu¬ 
lated Stimulation of this sort was customaiily applied to various 
cutaneous zones In each case the resulting behavior was recorded 
in protocols and in motion-pictuie records (4) After behavior 
could no longer be elicited, but ordinal ily while the heart was still 
vigorously beating, the fetuses were marked for identification and 
placed in a fixing solution of 5 per cent formalin (5) In selected 
fetuses at varying periods elect!ical stimulation fiom an inductoiium 
was applied by suitable elcctiodes to various muscle groups (6) 
Aftei at least six days in the fixative the fetuses were weighed and 
measured, and this data added to the protocols. The procedure used 
in these measuiemcnts was thus constant and, in spite of changes 
in height and weight which follow fixation (12, 13, 18), it was 
assumed that a bettci relative scale could be secuied in this way 
than by attempting to measure the soft fetus in the salt solution 
immediately after removal fiom the amnion. As only a relative 
scale was required, no corrections of the measurements have been 
attempted 'Weighing was done on a chemical balance to the nearest 
10 milligrams Although the fetus continually lost weight through 
evapoiation while being weighed, a consistent method was used in 
all cases so that an approximately constant loss was suffered by each 
fetus. 

The crown-rump length of each fetus was detei mined by the use 
of vernier calipers with inside and outside jaws and of outside calipers 
with screw adjustment The fetus, placed on a black background, 
was measured by both instruments. A fairly constant error of 2 to 
3 mm generally existed between the two measurements This sug¬ 
gested a constant and not a variable erior The individual lengths 
listed in the tables are the aveiagcs of these two leadings. Length 
is always given in tenths of a millimctei, and weight m one- 
hundredths of a gram. 

Table 1 lists the copulation age in hours, the litter averages of 
crown-rump length and weight, individual crown-rump lengths, and 
an indication of the behavior exhibited by each of the 146 fetuses 
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TABLE 1 



included in the 47 litters examined m this study. Tlie litters were 
found to have a lange of crown-rump Icngtli fiom 16.0 to 23 8 mm., 
and a weight range of fiom 45 to 1.45 grams. The age lange, 
621 hours to 712 houis, comprises an obseivation period of 91 houis 
The litters are not distnbutcd regularly thioughout this period, how¬ 
ever, since more than half fall within the first 20 houis. 

Inspection of Table 1 indicates that copulation age is not an 
absolutely accurate basis on which to piedict behavioral capacity, 
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Since certain older fetuses icmain non-motile, or exhibit less 
advanced behavior than ccitain younger ones Length and weight 
in the case of a few litters provide a better index of behavioral 
development than does age This is not always true, however. 
The inconstancies between measures of development, such as age, 
length, and weight, and the actual observed behavioral development 
are probably due to a number of factors, including unsclected genetic 
stock, and in the case of copulation age, variations in tire time re¬ 
quired for fertilization to take place after copulation (34). At the 
age studied in this work, the fetal organism is undoubtedly susceptible 
to slight changes in its enviionment, either inteinal or external, and 
this fact has piobably influenced adversely the regulaiity of the re¬ 
sults. This variation must always be remembered when discussing 
behavioial development in terms of any one of the three independent 
variables, age, lengtli, and weight. 

Position in the uterus was found to have no apparent constant 
eftcct on fetal development. There was a slight but probably not 
significant tendency for the last fetus examined in a litter to be less 
active than tlic ones examined earlier, but in some cases the last 
fetus was active wliile Intermediate ones were inactive 

In view of these facts, it has been decided to discuss the behavioral 
development in terms of copulation age, keeping in view, at the 
same time, the imperfections of this measure. 

As noted in Tabic I certain fetuses were non-motile, in the sense 
that no active responses were observed to be made by them That is, 
in such organisms responses involving skeletal muscle contraction, 
save as a result of special electrical stimulation, did not appear Two 
types of activity did show themselves in such organisms, however 
The first of these was passive head and body vibration brought about 
by the beating heart. Movements of this sort were observed in non- 
active fetuses, both before the onset of motility and after. These 
passive movements could also be still seen in a numbei of fetuses 
which had passed through a period of true behavioral activity, but 
from which no further active responses could be elicited The second 
of these prc-rcflex types of movement was the lesult of myogenic 
stimulation by electrical means. No complete systematic investiga¬ 
tion of myogenic contraction was carried out, but sufficient observa¬ 
tions were made to deteimine its presence to electrical stimulation 
in non-motile fetuses, and in fetuses which had just previously been 
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.icPive, and to identify certain of its charactcnstics In eaily fetuses 
faraclic stimulation was used successfully in this study in eliciting 
direct muscle responses, wheieas other types of stimulation such as 
stroking, flipping tlic limb, and tapping did not seem ever to Imvc 
been adequate to elicit such responses It should be emphasized that 
fetuses exhibiting no active movement would respond to faradic 
stimulation and that fetuses trom whom no fuithei active movements 
could be elicited by tactile stimulation also gave myogenic contrac¬ 
tions, Muscle groups which had not been contracted duimg what 
we Wish to call the period of true motilily also responded to elec¬ 
trical stimulation. 

The facts summaiized tn Tabic 1 show that roughly with in¬ 
creasing age tile number of fetuses to show skeletal muscle responses 
increases and the number of motor mechanisms to be active in such 
fetuses also increases All of such responses are held by the writeis 
to be of tile icflex type. The non-appcaiancc of behavior m the 
youngest fetuses may be attubuted to lack of development, especially 
of the neivous system, but the fact that one or more fetuses m 
litters, the other members of which had shown activity, were often 
inactive, although showing all the external signs of being ready for 
activity, suggests that even in the earliest fetuses unknown factors 
beside meie neural immatuiity may influence the failure of behavior 
to appear Since this study deals with so large a number of litters, 
it is felt that such vaiiable factois may be consideicd to have been 
largely ruled out Table 1, therefore, may be taken to present a 
reasonably typical picture of the tunc of onset of behavior in this 
organism It cannot be emphasized too strongly, howevei, since 
neither copulation age nor height nor weight is an absolute index 
of behavioral capacity, that it is impossible to say, for example, 
whether neck or fore-limb flexion Is really the fust movement to be 
observed in these organisms. The full qualitative description of the 
very first responses of the gumca-pig fetus summarized under tlic 
headings of movement of the neck and fore limbs and trunk in Tabic 1 
is by no means a simple task It should also be noted that in the 
protocols many amplifying desciiptions of the early responses are 
given The categories used in the table seem to us to be the most 
adequate phrases available, but at best they are incomplete desciip- 
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tions of the movements as desenbed from actual observation and fiom 
thp study of motion-picture records ^ 

Table 1 also shows that the very first recorded movement occuired 
in a fetus 622 hours old. Previous investigators, Preyer (17), 
Yanase (33), and Carmichael (7), had set the onset of behavior fiom 
24 to 48 houis later than this. This first rccoidcd movement was 
a simple ventral flexion of the neck which biought about a very 
slight bowing of the bead In a fetus not significantly oldei, how¬ 
ever, a fore-leg movement which involved a slight but active flexion, 
with articulation at the shoulder, occuired In this same fetus a 
slight dorsal flexion of the neck, or, as it is sometimes called, head 
extension, also took place. That these two responses were not part 
of any general pattern of behavior, howevei, is demonstiatcd bv the 
fact that tliey did not occur at the same time Lateral neck flexion 
first took place m another fetus of this same age 

The vciy transitory character of these first movements must be 
given strongest emphasis. Typically in the youngest fetus they are 
seen but once. Thcieforc every effort had to be made to have them 
watched by two or more experienced observers and to have them 
adequately recorded m motion pictures. That these first movements 
are not myogenic, but are rather true reflexes is suggested by this 
very transitoiy natuic In the youngest fetuses movement takes place 
only after touching the outside of the amnionic sac m such a manner 
as to stimulate the fetus One or at most two or three responses 
can be elicited by such stimulation, and there is always a refractory 
period of a number of seconds between successive cftcctive stimula¬ 
tions In very eailv fetuses after the amnionic sac had been removed 
no lesponse of any soil, save to electrical stimulation, svas elicited in 
the material of this study It seems, therefore, that the first response, 
or at most the first two or three responses, so alter the organism 
(and presumably the central-ncivous-system connecting mechanism) 
that a long refractory, or indeed possibly better, fatigue peiiod, is 
set up, The changes which take place in this peiiod in any case 
are of such a permanent soit as to make further stimulation and 
response during the experimental period impossible 

It seems, therefore, quite incredible that curare could be admin¬ 
istered to fetal guinea-pigs during the very early motile period in 

Tunda for the purchase of this film were generously piovided by a 
grant-in-aid of research by the National Reaearch Council 
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the way described above by Angulo y Gonzalez. Alter the neces¬ 
sary disturbance ol the animal brought about by the injection of the 
drug and after the stipulated waiting period, no true reactions of 
the transitory sort which alone occur in this period could possibly 
be expected. In this connection, it should be noted that, after the 
one or two neck reflexes or limb icflcxes have occurred, the muscle 
of neck or limb still seems, to inspection by the lens, to be in 
completely normal condition, as fetal circulation, indicated by a 
stiongly beating heart and a pink coloi, always continues duiing this 
period in any fetus whose record is med It is also just as possible 
to stimulate the limb electrically after what wc believe to be reflex 
movement has appaiently been foicvei abolished as it was before 
sucJi abolition occurred 


TABLE 2 


Feuod 

I 

n 

III 

IV 

Hours 

6Zl‘62l 

^32-642 

643-66(5 

667-?12 

No fetuses 

33 

43 

29 

35 

Per cent active 

19 

51 

45 

80 

Number active 

12 

22 

13 

28 

Neck flexion 

Dorsal 

9 

13 

10 

2 

Ventral 

5 

4 

1 

3 

Lateral 

4 

16 

6 

13 

Fore lea 

Flexion 

9 

20 

12 

25 

Extension 

1 

4 

2 

S 

Independent 

3 

12 

8 

2+ 

Trunk flexion 

Lateral 

0 

0 

+ 

11 

Dorsal 

0 

0 

0 

1 

Ventral 

0 

0 

0 

2 

Hind'leg motility 

0 

0 

0 

6 


Table 2 piesents in a different form a summary of part of the 
data found in Table 1 In picsenting the results of the investigation 
the fetuses studied have been grouped into four periods according to 
age During the first pciiod, 11 houis in extent, it is seen that, as 
indicated above, dorsal neck flexion and fore-Jeg flexion bad an equal 
fiequency of occuirence, each being observed nine times 

Directly after this first period changes in behavior may be noted 
These changes are summarized in the data listed under Period 11, 
which was also eleven hours in extent. 
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The appearance of trunk flexion occurred at the 643rd lioui, and 
this type of response was seen with gradually increasing frequency 
in later litters. Thus, although the relations between doisal and 
lateral neck flexion and fore-leg flexion remained essentially the same 
duiing the third period, the occurrence of lateral tiunk flexion with 
lateral neck flexion made this sort of behavior more and more out¬ 
standing With the almost complete disappearance of dorsal flexion 
after the 666th hour, the only other component of behavior with a 
comparable frequency during the fourth and last period of 46 horns 
was independent fore-leg flexion. 

Hind-leg movement was first seen in a fetus 676 hours old, and 
vential and doisal trunk flexion occurred at 697 and 705 hours le- 
spcctively Of these, hind-leg motility undoubtedly would have in¬ 
creased greatly in frequency with fuithcr observations, as has been 
shown in a previous study by one of the writers (7). During the ex¬ 
amination of the oldest litters, a few flexions involving the more distal 
joints began to appear, but hcic again the period of observation was 
not sufficiently extended to allow further investigation of this aspect 
of development 

The description presented m the paragraphs above has offeied 
some indication of the frequency of occurrence of various types of 
behavior, but little has been said concerning the extent to which 
these elements appeared together. Although each element was readily 
idenfjfi-abJfi at all eoeb did not iJways ippear scp'ir.'iteJy, On 
the contiary, simultaneous or sequential occuirencc of separate be¬ 
havior acts was sometimes noted in the behavior at all ages. It was 
found in the latci fetus that almost any movements, save those in¬ 
volving antagonistic muscles, might appeal at the same time, and 
that even responses dependent upon the activity of antagonistic 
muscles might appear m immediate succession. Certain of these 
combinations of responses appeared frequently enough, and in a 
sufficiently constant form, to warrant the use of the term “pattern” 
in their description Nothing more need be implied by this term, as 
used in this sense, than that the same or approximately tlie same 
behavior or sequences of behavior were observed fiom time to time. 
It should be remembered, however, that at no time during the de¬ 
velopment observed did behavior that can even in this limitf'd sense 
be called "patterned” entirely take the place of independent move¬ 
ments 
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The first movements to occur simultaneously were dorsal neck 
flexion and an independent fore-leg flexion. Thereafter, througliout 
the period studied, a characteristic type of motility involved a con¬ 
comitance of leg flexion with whatever sort of neck movement was 
predominant at the time But it must be emphasized that these leg 
and neck movements occurred alone a sufficient number of times at 
all ages to demonstrate that they were not in any sense one ‘'general” 
movement. 

The next "pattern” which may be described is that formed by the 
combination of dors.al and lateial head movements. This frequently 
took place in such a way that apparently the head was slightly 
rotated with respect to the body. As intimated .'ibove, leg movement 
was also often combined with these responses. Here again each 
component of this pattern was seen separately, even when the '‘pat- 
tern” was statistically at the height of its frequency. 

With the development of latcial flexion to the almost complete 
exclusion of other types of head movement, as described previously, 
the patterns mentioned above no longer appeared The most char¬ 
acteristic behavioi which now appeared was a combination of lateral 
neck flexion and fore-leg flexion It should again be noted that in 
this pattern, as well as in the others in which leg flexion played a 
part, the leg component often had no definite temporal relationship 
to the other movements. That is, the leg movement might follow 
or be followed by the neck movement, or the two miglit occur 
simultaneously. 

Probably the most consistently appearing “pattern” was that of 
trunk movement occuriing with a similar type of neck flexion. Even 
m this case invariability of occurrence did not make itself apparent, 
since, as described above, separate, isolated, localized contractions of 
the trunk alone or of the neck alone did appear. 

Another very consistent sort of behavior was formed by the se¬ 
quential combination of lateral flexions to one side and tlien 
the other. Such bilateral flexions whicli may be described as 
"C-” and ”reverse-C-” movement or as the beginning of “S~” 
movement appeared often when a lateral flexion took place which 
also included trunk flexion in the older fetuses of this study 

Fore-lcg extension was similar to fore-leg flexion in that it ap¬ 
peared separately and in conjunction with the prevailing head move¬ 
ments Hind-leg motility, the few times it was obseived, occurred 
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usually with trunk, neck, and fore-leg movement, but independent 
responses were also probably noted, although the frequency of such 
reports is not such as to make the observation conclusive. 

In the very earliest stages, the duration of the period of active 
movement was, as has been noted, extremely short, being limited at 
times to the elicitation of a single weak response As the age of 
the fetuses increased, the period of motility became longer, reaching 
several minutes toward the end of the period here studied The 
movements, moreover, besides exhibiting the development desciibed in 
the preceding sections, gradually increased in magnitude. 

In the piesent study, so-called "spontaneous behavior,” that is, 
responses not resulting from any stimulus directly applied by the 
experimenter, did not appear until after stimulus-released behavior 
had been observed. Movement in response to stimulation appeared 
as noted as early as the 622nd hour, but spontaneous behavior did 
not appear regularly until after the 636th hour. It is important 
to note that when this so-called spontaneous behavior did appear it 
fell directly into the categories of neck and limb reflexes already 
described. A characteristic type of spontaneous behavior was, for 
example, n single fore-leg flexion without any other observable move¬ 
ment The finding that "spontaneous” behavior followed in time 
stimulus-released behavior contradicts the previous finding of one 
of the authors (7) The previous statement either failed correctly 
to interpret the stimulation resulting from opening the uterus or was 
based upon too few organisms. 

IV Conclusions and Discussion 

On the basis of the foregoing results, certain of the questions con¬ 
cerning the nature of the first responses in tlie fetal guinea-pig can 
be answered, and others fruitfully discussed 

1 Prior to the onset of behavior in the fetal guinea-pig, myogenic 
contractions can be elicited from certain muscles. That these early 
responses are truly myogenic, and not sensory-motor responses, there 
is little doubt, because of their character, particulaily as compared 
to later movements. 

2 Active behavior in the fetal guinea-pig begins in the last hours 
of the twenty-fifth day Previous observers had placed the onset at 
least one day later than this 
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3 True behavior, that is, response that results from stimulation, 
and which is secondarily induced by nervous discharge, can be 
elicited 10 to 14 hours before "spontaneous” behavior appears. These 
stimulated responses are of a sufficiently difierent character from the 
earlier mvogenic contractions to be classified as active, i e., involving 
neural activity The differentiating characteristics can be summai- 
ized, as was true in tlie case of myogenic contractions, by emphasizing 
certain of the criteria of the reflex summarized by Windle. In this 
study behavior taking place after a very long latent period often fol¬ 
lowed stimulation This period was apparently much longer than 
any of those reported m the rat by Angulo y Gonzalez, m which 
myogenic contractions to just adequate stimulation were determined 
to have a latent period (5) A second criterion was fulfilled by 
the responses observed m this study, m that they could either not 
be obtained successively or, if elicitable more than once, were onlv 
so elicitable after a long latent peiiod. Third, the active responses 
given upon stimulation were always the neck, hmb, or trunk re¬ 
sponses already described, whereas responses to faradic stimulation 
might involve entiiely different movements. Dependence of these 
early responses to stimulation upon the condition of the parental and 
fetal organisms, another of Windlc’s cntcim, is attested by their 
highly transient nature Since these responses soon disappear, yet 
the responses to faradic stimulation persist, the conclusion seems 
warranted that the former are of a different nature from the latter, 
and that this difference is connected with the activity of the nervous 
system. Were the curanzation test of Angulo y Gonzalez applied 
to these responses in the guinea-pig, it is certain that the early re¬ 
flexes would disappear, since none of the earliest responses could be 
aioused by any means save clectiical stimulation after the time neces¬ 
sary for such an experiment to be performed had passed 

In addition, it may be noted that the stimulation generally used 
in this study was not of the sort that had been found effective m 
bringing out myogenic responses. The fact that muscles not in¬ 
cluded in the active movements could be induced to contract to 
faradic stimulation is added evidence for the difference in character 
of these two types of responses Also, spontaneous behavior when it 
arose was little different from the eailier stimulated behavior 
The nature of spontaneous behavior is directly related to the 
problem discussed above The correspondence between responses to 
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general stimulation and spontaneous re&ponses, along with a knowl¬ 
edge of the conditions under which the fetus is delivered fiom the 
utcius, have resulted in a belief on the part of the present writers 
that much of the so-called spontaneous behavior observed is due to 
proprioceptive or pressure stimulation attendant upon such deliveiy 
Stimulation resulting from this operation would correspond rather 
closely to tlie intentionally applied stimulation, and this inteipretation 
would aid in explaining the similarities between behavior arising in 
the two situations It is realized, however, that this explanation 
is not adequate to account foi all spontaneous belmvior, since much 
of It occurred only after a relatively long period of quiescence fol¬ 
lowing the delivery of the fetus from the uterus In this connection 
the strong lights of our obscivation apparatus may possibly have been 
effective stimuli, or some unrecorded vibration may have been im¬ 
portant. 

The appearance of spontaneous behavior at a time later than the 
onset of behavior In response to applied stimulation may, it seems, 
be interpreted as favoiing an activated receptor mechanism for the 
origin of spontaneous behavior This mechanism might be cither 
proprioceptive or exteioccptive Such a receptor mechanism might 
not be sensitive enough, possibly because of incomplete central nervous 
system connections, to be stimulated by the changes occurring upon 
delivery from the uterus, such as circulation and pressure changes, 
but nevertheless open to stimulation by mme vigorous experimentally 
applied stimuli Fuithcr investigation of such spontaneous behavior 
should prove profitable, and might lead to a better understanding of 
what is now typically called “drive,” and its relation to extero- 
ccptively stimulated behavior. In any case it is obvious that con¬ 
clusions based upon the important obseivation on the significance of 
endogenous stimulation in the onset of behavior of the toadfish, made 
by Tracy, must be applied with great caution to the present mam¬ 
malian fetus. 

4 The first active responses of the fetal guinea-pig are definite 
m character, and involve movements of the head, brought about by 
contraction of the neck muscles, and of the fore leg. The evidence 
IS as yet inconclusive concerning which of these components arises 
fust. 

5 It is seen that, from the earliest period, the neck and limb 
responses occur sometimes together, and sometimes independently, 
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and that throughout the developmental period studied, independent 
elements of behavior are present at all times. That is, no gradual 
progressive “individuation** of the specific responses out of a total 
pattern is seen Although certain patterns of behavior are observed, 
no one of these can be said to “dominate*' the behavior of the 
organism It may well be that the occurrence of “patterns of be* 
havior” in response to stimulation, as rcpoited by some observers, 
is explained by the natuie of the stimulus used and the propriocep¬ 
tor or “movement-produced** stimulation biought about by the initial 
responses themselves rather than by any “pattern" in the central 
nervous system. 

6 Beciuse of the simple and specific nature of much of the 
earliest behavior of the fetal gumca-pig, it is thought that these 
responses may advantageously be described as reflexes. Moreover, 
no need to use such words as “generalized,** “totally integrated," or 
“non-specific” in the description of this behavior has arisen The 
term reflex is employed m spite of a realization of the difficulties 
involved in defining it m a way that will satisfy all students. Tins 
word 18 here used to imply mfeientially the presence of sensory, 
central nervous and motor nervous elements in the mediation of the 
relatively simple responses to stimulation which are described in this 
paper. 
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THE COMPARATIVE BEAUTY OF THE FACES OF 
HIGHLY INTELLIGENT ADOLESCENTS 

From the of Psychology of Tcac/icrs College, 

Cohitnbm Uatverstty 


Lbta S Hollinoworth 


The Problem Stated 

How do intellectually gifted peisons compare with the popula¬ 
tion at laigc, in legard to beauty of the face^ This question has 
been much discussed, but little studied It is popularly supposed, 
as set forth in cartoon, caricature, and story, that a high degree 
of intelligence tends to exclude beauty of the person, especially in 
the case of females, A collection of cartoons covering this subject 
may easily be made, In which the highly intellectual person, child, 
youth, 01 adult, is pictuied as charactciistically bespectacled, solemn, 
high-browed and “stcklied o’er with the pale cast of thought.” 

A study of the relationship between beauty and mtelhgencc, 
involving college students, made by Hollingworth (3) yielded a 
positive correlation of .40 between beauty as estimated by associ¬ 
ates of two years' st<anding, and intelligence as elicited by scores 
on tests This amount of positive relationship between beauty and 
intellect, obtained on a group so icstrictcd in the latter trait, leads 
to the hypothesis that between groups widely separated in respect 
to intelligence, distinct differences in beauty would be expected to 
appear, in favor of the more intelligent. 

Also, recent studies by Mohi (7) and by Molir and Lund (8) 
revealed that ratings of 25 college students by 25 othei college 
students for beauty, or physical attractiveness, correlated positively 
though slightly with scholaiship and with intelligence 

The present study was restiicted to beauty of the face, head and 
shoulders entering also in a ininoi wny into the composition of 
the picfciiie, It would be desirable to study bv the metliods here 
used the actual faces of peisons proved to be of high degrees of 
intelligence This is, however, scarcely feasible for vai lous rea¬ 
sons. We Wished to employ the oidci-of-ment method, and tlie 
method of rating. For each face appraised we wished to have ten 
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different judges who would be total strangers to those judged, 
in Older to avoid the "halo” effect (9) which enteis into the judg- 
ruent of anj trait when those judged aie personally known to 
judges, or when any characteristic of the judged is known. To bung 
together lepeatedly for purposes of comparison forty or more pci- 
hons is not feasible. Furthermore, peisons do not readily submit 
voluntaiily to the embaiiassment of repeated and long continued 
comparative inspection by strangers. 

All things considered, the best materia! for our purposes was 
decided to be photographs, made uniformly, unretouched, and large 
enougli to show details of physiognomy clearly. In photographs, 
certain elements of the person aie lost, c g., color and movement 
Tlierc remain contouj, shape, piopoitions, ensemble of features, 
and facial expiossion to form the basis of impression upon the 
beholder These elements had uniform oppoitunity to appeal in 
both of oui comparative gioups. 

The Meaning of Beauty 

Beauty is hard to define for those about to judge it. Basically, 
beauty is a psychological experience of the behoidei Standards of 
beauty vaiy greatly from person to person and fiom period to 
period. To avoid argument about taste, and to cover as completely 
as possible the concept we ouiselvcs had m mind, i. e, the attiac« 
tiveness of the face, wc used thiee terms in instructing oui judges— 
"good looks,” “physical attractiveness,” and “beauty ” 

Blonsky (1), leccntly questioning peisons of various ages as to 
what beauty of a human being is, elicited that beauty lies in “A 
healthy, young, mentally and physically strong personality ” "This 
IS, bio-psychologically considered, the highest type of person It is 
the ideal-type It is the beautiful human being Human be.auty 
lies in that which wc recognize as biologically and psychologically 
the highest type of peison, namely the most worth while peison ” 
When asked what constitutes human ugliness, the replies of re¬ 
spondents easily grouped themselves under a few categoiics For 
adults (with whom, we are concerned in our study as judges) four 
classifications were found' (1) the morally degraded, (2) the dirty 
and dusty, (3) those of bestial appearance, (4) the sickly. 

We did not discuss the standaid oi criterion of beauty with our 
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iudges, although some of them (especially the Chinese who later 
judged one of our sciies foi anotliei puipose, and arc refcired to 
in connection with our conclusions here) raised the issue Each was 
directed to rcndei his appraisals according to hts own interpretation 
of “physical attractiveness," "good looks,” and “beauty." 

Selection of the Subjects 

The Highlit hiielhgeni Gioup. In 1922, a group ot young chil¬ 
dren, then 7 to 9 years old, testing between 135 IQ and 190 IQ 
(S-B) was biought together at Public School 165, Manhattan, in 
New Yolk City (2). Fiftv-six of these children stayed together 
for three years, in the elementary school, and became permanently 
known to those who had had their education in chaigc When, m 
1929, they were being graduated as adolescents from senior high 
schools, each of them was invited to have a pliotogiaph taken “for 
purposes of the study of photogiaphs" Ninety per cent of these 
adolescents were 14 oi 15 years old in 1929, when photographed 
The remainder weie cither 13 or 16 years old The median IQ 
(S-B) of the 40 who weie photographed wns 152, the median for 
the whole group being 153 

Such a group of adolescents is ideal for the study of the matter 
here under consideration, for they had been selected years previ¬ 
ously with great care by individual mental tests, at a time when no 
interest whatever was taken in physiognomy. They were selected 
in childhood on two bases only, neither of which conceined their 
beauty (1) they must achieve at least 135 IQ (S-B), (2) they 
must have parents’ permission to attend Public School 165, Man¬ 
hattan. Mental tests are uninfluenced by beauty, and probably 
the same is true of paients’ pcimission. In 1933, these persons 
were again tested, and were found to rate as adolescents in the top 
centilcs of the adult population (4), the superiority levealed m 
childhood being thus proved not to be evanescent. 

The GontJol Gionp. The subjects of the control group were not 
selected until 1930, and were nevei personally seen by the investi¬ 
gator. They were found in the following way. Between 1922 
and 1930, Public School 165, Manhattan, had become a junior liigh 
school, and the class being giaduated thcrefiom each year was of 
age equal on the mean to that of the adolescents above 135 IQ, 
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whose pilotogiaphs had been obtained in 1929, Being from, the 
same school, they represented the same racial stocks as those found 
among the lattei 

To find a suitable control group, rcpiescntative of ordinary intelli¬ 
gence, among these pupils, we made selections upon the following cn- 
tena (1) to be 14 oi 15 years old; (2) to be of the white lace; (3) 
to fall not below 90 IQ nor above 110 IQ, by the group tests given 
in this school, (+) to consist of 13 boys and 7 gnls (coirespond¬ 
ing to the piopoition of boys to girls obtaining in the group of 
primary intciest) 

With these criteiid as guides, wc took the register of pupils 
about to be giaduated tiom Junioi High School 165, Manhattan, 
and went tlirougli the names alphabetically anniigcd, checking each 
pupil corresponding to our ciitcria, until names had been lecorclcd 
of all meeting the conditions Then lettcis were issued to these 
37 pupils and their paicnts by the principal of the school, lequcst- 
ing the use of their photogiapbs for purposes of educational jescaich 
Of the 37 addressed, 23 granted pci mission foj tljc use of photo¬ 
graphs These were cliccked for racial dcn’vation, and their cor¬ 
respondence with the racial origins of our gifted group was veri¬ 
fied, 

Description of Photographs 

The photographs of both gioups, gifted and controls, were taken 
by the same photogiapher, with the same camera, in the same 
studio, with the same lighting, in the same way, were printed on the 
same photograpliic paper and were made up m tlie same style of 
folder. All subjects were photographed m oi dinaiy mdoor cloth¬ 
ing, without liats. All photographs were 8x10 inches, and were 
finished in dark gray All were of head and shouldeis, to the same 
extent All showed both eyes of the person photographed. 

The focus of the camera upon the face was not mathematically 
prescribed, but was left, within limits, in all cases to the photogra¬ 
pher. The limits of focus prescribed weie that no profiles should 
be taken, and that both eyes must be fully visible in every photo¬ 
graph. Under these limitations, the photogiapher took two proofs 
of each subject, and the investigator chose between the two the orte 
whicli seemed clearer in every detail. No retouching whatever was 
done on any photograph. 
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As a check upon the amount of face exposed in the comparative 
groups, the visibility of the ears was determined for every subject. 
These results appear in Tabic 1. 


TABLE I 

VrsiBiLiry of thc Ears iw Photographs of the Comparative Groups 



Senes 1 
Adolescents 
of IQ 
135-190 

Adolescents 
of IQ 
90-110 

Senes II 
Adolescents 
of IQ 
13S-190 

Right car visible 

3 

4 

1 

Left ear visible 

4 

3 

3 

Both cars vistbJe 

6 

6 

9 


Furthermore, in the case of boys, thc angle from winch the 
camera was focused was ascertained by measuring the distance in 
mm. from the point midway between the eyebiows to each edge of 
the head The greater distance divided bv thc smaller vieldcd a 
ratio, indicating the angle. A ratio of 1.0 would show that the 
subject photographed was squarely facing thc camera This meas¬ 
urement was not reliable m the case of giils, because of the various 
arrangements of thc hair. Thc lesults for the 13 boys of each 
senes and for the controls appear in Table 2, showing about equal 
amounts of various angles of focus in all comparative groups. By 
inspection, the girls seemed to be posed at thc same angles of focus 
as the boys 

Avoidance of Fallacies of Selection 

The Highly Intelligent Group There being no compulsion upon 
the highly intelligent adolescents addressed, not all responded to 
the invitation to be photographed. Only 40 of the 56 did so This 
failure to obtain a complete response created the probability of 
a fallacy of selection The 16 "missing” individuals might well 
be those who regarded themselves as inferior in appearance, or 
might be selected on some other basis which would render the 40 
who participated unrepresentative of then intellectual group, as con¬ 
cerns beauty. 

To determine the extent of possible selection, judgments of 
beauty were at hand for the total group of the highly intelligent, 
obtained as follows 
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TABLE 2 

Showing bv Ratios the Ancle of Focus of the Camera Upon the Faces, 
In All CoMPivnAnvE Groups 
(boys only) 

On the scale uecd, 1 is the highest degree, 3 is the average degree, and 
S 13 the lowest degree of attractiveness 


Ratios 

Series ( 
Adolescents 
of IQ 

135-190 

Adolescents 
of IQ 

90-110 

Series II 
Adolescents 
of IQ 
13S-190 

1 2 

1 


1 

1 3 

1 



14 




1 5 

1 



1 6 

2 



17 

1 


1 

1 8 


1 

3 

1 9 


1 


20 

1 

2 

1 

2.1 


2 


22 


1 

3 

23 


2 

3 

2.4 

2 

I 


2S 


1 


2.6 




27 

2 



28 

1 



29 


t 

1 

3 0 


1 


3 1 




32 

1 




The 56 adolescents were m 1929, when their photographs were 
taken, distributed among sixteen different liigh schools. In every 
case judgments of “beauty” were obtained (5) by securing ratings 
from two teachers independently, on a scale of degiees of beauty 
fiom 1 to 5, 1 being "very beautiful," 3 being “average," 5 be¬ 
ing "very unattiactive." The appraisal of each judge could thus 
be obtained in degrees. Combining the two independent judgments 
thus rendered, the scoic for "beauty" was dctoriuined whicli was 
used to distribute oui sample of 40 against the total group invited. 
The distribution yielded the means and medians which appear in 
Table 3 

From this comparison it appears that the forty adolescents whose 
photographs were studied were truly representative as concerns 
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TABLE 3 

Showing the Attractiveness or the Sample of Highly Intelligent 
Adolescents Compared Wmi that op the Total Population from 
Which it was Derived, According to the Judqments 
OF High School Teachchs 

Our sample («=40) is represeniativc of the total group («=56) 


Adolescents 
of IQ 

13S-190 

n 

Mean of 
teachers' 
rating 

AD. 

Median of 
tcacliers' 
rating 

MV 

Sample studied 



ini 


±0 45 

Total group 



@1 


±0.35 


beauty of the total group of those addressed, m the judgments of 
high school teachers who knew them well, at the time the photo¬ 
graphs were token. 

The Conijol Gtoup of Ordinary httelTigence In the case of 
the control group, there existed the same probability of a fallacy of 
selection, since some of those eligible and invited did not respond. 
This difficulty was approached by sccuiing from the photogiapher 
who photographed the entire ginduating class from Junior High 
School 165, Manliattan, photographs of one hundred per cent of the 
graduating class from which our respondents were derived. There 
were 95 pupils m the gioup who were of the white race These 
95 photogiaphs were then submitted to six well-educated adults, 
who judged them independently ot one another, according to the 
following instructions 

Please sort these photographs of adolescents into 5 piles, on 
the basis of good looks (bejuiy) Into the hrst pile put those 
whom you would regard as the best qviintUc, in the second pile, 
those next to the best, etc, till m the fifth pile you have those 
rated by you as the least good looking Bfth (quintile) of the 
group As there are 95 photographs, you will have 19 in each 
of your piles when finished First distribute the bojs Then 
distribute the girls, Please signify when you have the S piles 
completed 

According to the composite judgment thus rendered, the twenty 
photographs finally selected in the formation of our control group 
were fairly representative of the total population from which they 
were derived, rating as in Table 4 A mean quintile rank of three 
would indicate a perfectly representative sample of the 95 gradu- 
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TABLE 4 

Showing the Attractiveness or the Sample of Adolescents of Ordinary 
Intelligence Compared with that of tub Total Population from 
Which it was DERrvBO, According to the Judgments or Six Adults 
Our sample (h= 20) is representative of the total group C«=9S) A score 
of 3 IS mdicitive of evaelly typical attractiveness, 


Subject 

Score 

Subject 

Sco re 

Subject 

Score 

4f 

3 16 

48c 

3 33 

IjSc 

4 66 

10^ 

3 SO 

51c 

3 J3 


1 83 

14c 

1 66 

S4c 

2.16 

fflSc 

1 50 

21f 

3 66 

60c 

1 66 

/720c 

1.50 


3 53 

69c 

4 00 

(721c 

4,16 

44c 

2 50 

70c 

3.33 

(729c 

Z 00 

45 c 

2.66 

^4c 

3 33 




ate6, as respects beauty Of the 23 respondents, those were cast out 
who deviated farthest from three in the ranking achieved, to find 
the final 20 The median IQ of the 20 pupils whose photographs 
compose our contiol group was 102, according to the group tests 
given regularly in the school. The median IQ of the graduating 
class from which they were derived was !08. 

It is seen that we obtained a mean quintile ranking of 2 89±0 8 
for beauty of the sample used as a control group, in comparison 
with the total of graduates Our 20 photographs aic, therefore, 
fairly repiescntntive of the population desired for purposes of com¬ 
parison No significant fallacy of selection affects our data, as 
concerns beauty. 

Selection of the Judges 

The use of the oider-of-racrit method and of the method of rating 
implies an adequate number of independent judges In the appraisal 
of each of the two senes of photographs finally formulated, ten 
judges participated, making a total of 20 difteient judges involved. 
These were graduate students of education and their spouses, clus¬ 
tering between 25 and 35 years of age, except for two professois 
who were older Each judge appraised one senes of photographs by 
both methods mentioned Those judging Senes I did not judge 
Series II. Those judging Scries 11 did not judge Series I. Thus in 
each of the two scries of faces studied, not only the faces arc differ¬ 
ent (the control group alone remaining the same), but the judges 
too are different 
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Each judge worked in a room alone, except for the presence of 
the investigator. There was no consultation among judges. They 
worked whenever their leisure happened to coincide with that of 
the investigator, so that the judging by the 20 judges extended Over 
a peuod of months, It required, on the average, about two con¬ 
secutive houis for a judge to complete the judgment of a senes of 
photographs, by both metliods 

All judges were completely naive as to the real purpose of the 
expeiiment. All were entire strangers to all of (hose photographed. 
None was informed as to the comparative quality oi qualities of those 
represented m the photographs. No information whatever was at 
the disposal of the judges, except that tiansmittcd in the instruc¬ 
tions by which they worked 

The Unit of Scrutiny 

Even with adult judges, the number of items that can be truly 
compared each with the others, within one unit of scrutiny, is lim¬ 
ited, Since individual order-of-mciit comparisons were wanted, pre¬ 
liminary trials weie made with two adult j'udges, using 40 and then 
all 60 photographs as a unitaij' task. It appealed that 60 items of 
this kind were psychologically unwieldy, and that 40 made a much 
more nearly optimum number, both as objects to judge and as objects 
to handle. 

We therefore divided our 40 photogiaplis of the highly intelli¬ 
gent into two separate series of 20 each. This division into Seucs I 
and Series II was accomplished "blindly," as follows. 

The 14 girls were placed in a separate pile, Then, all photograplis 
being concCiiled Withm theiir folders, they wcie made into two piUs 
by dealing left and right, first fiom the boys, then from the girls 
This procedure yielded two random scries of 20 each, composed each 
of 13 boys and 7 girls. Each photograph of the total 60 involved 
was then numbered on the back of its foldci with an identification 
number in cipher. 

Tke unit of saiitiny consisted in nil cases of the 20 photographs 
of the control group mixed alternately with the photographs of a 
series of the highly intelligent This made 40 photographs in a unit. 
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The Ordbr-of-Mcrit Method 

The pile of 40 photographs thus formed was placed before the 
judge by the investigator, with the following typed instructions • 

You wjU find here 40 photogr<ipli9 of adolescents, from the 
population of New York City None is younger than 12 and 
none is older than 2S years of age Please judge them for 
good laoki (physical attractiveness) The photographs arc to 
be placed in 5 piles of 8 cadi. Look them all over. Then 
place in the first pile the 8 who are least attractive In the 
second pile place the 8 who are next to the least attractive, and 
so fortii, till the S moat attractive faces arc in the fifth pile. 

Then take eai/i pile of 8, and arrange the faces thciein in an 
order of attractiveness, from least to most When you have 
finished, Number 1 will be the least attractive, and Number 40 
will be the taost attractive face, all faces being in an order 
of merit for beauty First place the boye Then place the 
girU. Ask questions about the procedure, If you need to, but 
there will be no consultation as to the relative beauty of the 
faces studied 

Fracedure in Sccunff fet the Oider-of’Ment, When t)ic order of 
merit had been thus achieved for a given Judge, this order was 
recorded When all ten judges had completed their judgments, the 
mean and the median of the ten were found respectively for each 
piiotograph scrutinized. These central tendencies constitute iinal 
values of each photograph, as regards beauty 

These values wore then distributed, the values for the intelligent 
and for the controls being kept separate. The median and the mean 
value for each group was then determined, to constitute the final 
comparison between intelligent and controls. 

When Scries I had been completed, the 20 control photographs 
were mixed alternately with 20 photographs of Series II, and the 
same procedure was canied out as described foi Senes I, with ten 
different judges. Resulting values for all photographs of Senes II 
were found in the same way as for Senes I The total lesults for 
both Scries I and Senes II are seen in Tabic 5 

Judgments by the Method of Rating 

Procedute When a judge had completed the oidei-of-merit prO' 
cedurc, and the result had been recorded by the investigator, the 



278 


LHTA S. HOLUNOWORTH 


TABLE 5 

Showing Means and Medians o» Ten Comsined Orders or Merit for 
Attractiveness, Assigned by Naivb Judobs, to Photographs oj Highly 
Intelligent Adolescents^ and to Adolescents of 
Ordinary Intellioencb 


The higher values denote the more attractive faces In each Scries, n^40 



Senes 
Adolescents 
of IQ 
135-190 

I 

Adolescents 
of IQ 
90-110 

Senes 

Adolescents 
of IQ 
135-190 

11 

Adolescents 
of IQ 

90-no 

Values 
based on 

Median 

2273 

18 48 

2+ 03 

16.85 

medians 

MV 

=£8.18 

±6 98 

±7.08 

±7 02 

of the 

Mean 

24.25 

16.50 

25 25 

1475 

order of 

AD. 

±7 QO 

i:4.75 

±6 25 

±5 25 

merit 

Values 

Median 

23.tS 

1615 

23 70 

1625 

based on 

M.V 

:t6 70 

±3 55 , 

±3.70 

±4 25 

means of, 

Mean 

22 i9 

IS.66 

23 84 

17.01 

the order 

AD. 

±6 87 

-^•5 34 

±5 S3 

±5 17 

of merit 







photographs were ‘"shuffled" into a random order The judge was 
then presented with a rating scale four mehes in length, in five 
degrees, with typed instructions, as below: 

Please rate each of the 40 photographs accompanying these 
inairutlions upon the following scale Place n check mark 
exactly at the point you wish to indicate Judgments may fall 
anywhere, from 1 to 5. Pleaso have m mind as average your 
idea of the average adolescent, as seen in New York City 
Very Very 

Unattractive ^ Average beautiful 

Beauty--- 

1 2 3 4 5 

Treatment of Data. It will be seen that the four-inch scale con¬ 
verts Itself into a scale from 0 to 16. in terms of quarter inches, By 
means of a ruler measuring in quaitei inches to the points checked 
On the scale, the ten ratings obtained for each photograph were de¬ 
termined quantitatively. Fiom these two values weie assigned to 
each photograph. (1) the median of the ten ratings, (2) the mean 
of the ten ratings. 

These two values being separately distiibuted for both gioups, the 
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mean and tlie median value for each such distribution was found. 
Table 6 shows these tomparative facts. The higher figuies indicate 
comparatively greater beauty 


TABLE 6 

Showing Means and Medians of Ten Combined Ratings, Assigned dy 
Naive Judges, to Photographs of Highly Intelligent Addibscents, 
AND TO Adolescents or Ordinary Intellicencb, on a Scale for 
Beauty of the Face, Mbasurino from 0-16 
The higher ratings denote the more beautiful faces. In both series, the 
highly intelligent are rated as more beautiful In both Series, «=:40. 


Senes I Senes II 

Adolescents Adolescents Adolescents Adolescents 

of IQ of IQ of IQ of IQ 

135-190 90-110 13S-190 90-110 


Values 

Median 

10 00 

8 00 

8 50 

7 SO 

based on 

MV 

±2 00 

±1 50 

±l 00 

±l 00 

medians 

Mean 

S95 

7.45 

8 90 

740 

of ratings 

AD 

±2 76 

±181 

±1 64 

±1 51 

Values 

Median 

9 60 

7 00 

8 70 

7 30 

based on 

MV 

±1 85 

±1 20 

±0.90 

±1 35 

means of 

Mean 

8.70 

7.31 

8 99 

7 34 

ratings 

AD 

±2 31 

±1.67 

±1 36 

±1 44 


Interpretation op Results 

The results of tins study are consistently clcar-cut, and the inter- 
prefaCion of them is brief and simple. The photographed faces of 
highly intelligent .idolescents .ire more attractive (more beautiful) 
to adult judges than are those of adolescents who represent the 
average population of adolescents This is so when the judges are 
wholly uninformed as to the mentality of any of the photogiaphed 
persons, and are entirely unacquainted with them. These results 
apply to adolescents of both sexes 

The icsults hold for judges who aie between 25 and 35 years 
< old, appmising .ndolcseents who arc 14 or 15 years old It would be 
an interesting extension of our study to present these same photo¬ 
graphs to adolescent judges, and to judges 55 to 65 years old, and 
thus to determine whether the age of judges would affect icsults. 

It is of some value to note here that naive Chinese judges also aic 
more attracted to the taces of the very intelligent than to those of 
average intelligence, but not to tlie same extent as in the case of 
Caucasian judges (6) The correlation between our Caucasian 
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judges and the Chinese judges is .47, both judging Series I of our 
photographs. 

Summary 

1. A sample of 40 highly intelligent adolescents of the white race, 
selected in childhood on the basis of mental tests as falling between 
135 IQ and 190 IQ (S-B), the selection being originally without 
regard to personal appearance m any respect, were photographed on 
plates 8x10 inches Twenty adolescents of the same age and from 
the same school population, falling between 90 IQ and 110 IQ (by 
group tests) were photographed in the same way. Both samples 
were proved to be representative, each of its intellectual group, as 
regards beauty 

2. The highly intelligent, divided into two distinct senes, were 
proved against the sample of the ordinarily intelligent, both by the 
order-of-ment method and by the method of rating 

3. The judges chosen were educated adults, 25 to 35 years old, 
who were total strangers to the adolescents photographed and who 
had no information in regard to the mentality of any one of them. 
Each photograph was rated by ten such judges, independently, these 
judgments yielding a coefficient of reliability of 873 (6) 

4 In both series, by both methods, the faces of the highly in¬ 
telligent were proved to be more attractive (more beautiful) than 
the faces of members of the ordinary group, all other things being 
equal 

5 TJie faces of the highly intelligent maintained their superior 
attractiveness, though to a lesser extent, when Chinese (holding age, 
sex, and education constant) were substituted for Caucasian judges, 
the correlation between composite Chinese judgments and composite 
Caucasian judgments being .47 (6) 
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LA BEAUTfi COMPARATIVE DES FIGURES DES ADOLESCENTS 
TRfiS INTELLIGENTS 

(R6sum£) 

On a photographiA des adolescents tris tntelhgenta dc race blanche, choisls 
dans I’enfatice sur la base des tests mentaux, sans ^gard de I'atcrait 
physique On a compare ces photogr.iph]es ^ I'egard dc la hcaute de la 
figure avec celles des adolescents d’lntelligcncc ordmnire, picmi^rcment 
scion I.T m6thode de I'ordre de m6rite et ensuite selon la methode d’6valuation 
Les ;uge8 ont dtA des adtiltes de race blanche, n’ont cu auctine connaissnnce 
avec les juges, ct n'ont pas d\i tout connu lea cnractenstiquca mentales de 
ceux-ci Dans deux series sSparecs de photographies, les figures des tr^s 
intcKigents, des deux sexes, ont etd 6valu6es comme plus belles que celles 
des adolescents d'lnteDlgence ordinaiie La meme tendance a 6t6 tnaintcniie 
qiiand on a substitud des juges chinols aux luges caucasiens, mais h un 
dcgr6 r6duit 

IIOLLINGWORTH 

DIE VERGLEICHENDE SCHtJNIIEIT DER GESICHTER VON 
hGchst INTELLIGENTEN JWNGLINGEN 

(Referat) 

Hbchst intclligente Junglinge der wcissen Rnsae, die in der ICinclheit auf 
Grund der Intelligenztcsts ohne Rucksicht auf Korperschonheit gewahlt 
wurden, wiirden photographlert Diese Fhotographien wurden in bezug 
auf Schonheit des Gesichts mit jenen der Junglinge mit gewohnliclier 
Intclhgenz vcrglichen, erstens durch die Methode der Ordnung des Vorzuges 
und dann duich die Methode der Beurtcilung Die Bcurteiler waren 
Erwticiisene der wcissen Rasse, aie kannten die Bcurteilten nirht, und sie 
wiissten nichts Von den geistigen Eigeltschnften der Beurteilten In zwei 
getreniitcn Reihenfolgen von Fhotographien wurden die Gesichter der 
hochst intelligenten Junglinge beidcr Geschlechter ala schoner als jene der 
Junglinge m<t gewohniichcr IntelUgcnz beurtciit. Diesclbc Neigung zeigte 
sich, wenn kaiAasischc Beurteiler durch chinesische cisetzt wurden, obgleicb 
2 u einem kleineren Grade 


Hollingworth 



A MULTIPLE FACTOR ANALYSIS OF CHILDREN’S 
ANNOYANCES*! 

From the Institute of Child Jf'elfare, Vmverstly of California 


Harold D Carter, Herubrt S. Cokrad, and Mary Cover Jones 


I. Introduction 

The present study applies the Thurstone multiple factor technique 
(3, 4) to data from an "annoyance inventory." Results from three 
factor analyses will be presented In the first analysis, it is shown 
tliat the Intercorrelations between different classes of annoyance 
items may be considered as arising largely from the operation of 
three independent "factors" The second factor analysis is confirm¬ 
atory of the first. The thud factor analysis traces the effect of in¬ 
troducing intelligence test score as a variable in the table of inter- 
correlations among annoyances, this is of some interest for factor 
theory, and in addition it leads to conclusions which were neither 
observed nor readily observable from the original, unfactored data. 

IL The Sample 

The present report is based on a sample of 100 children (50 
boys and 50 girls), tested both in 1933 and 1934 These children 
constitute a subgroup of the larger sample used by the Institute of 
Child Welfaie m its studies of adolescence; the subgroup was se¬ 
lected on the basis of its availability for an intensive, cumulative pro¬ 
gram of measurement. At the time of the first testing with the 
Annoyance Inventory, about half the children were in the high- 
sixth grade of five elementary schools, and half in the low-seventh 
grade of a junior high school, in Oakland, California 

ni. The Data 

The Annoyance Inventory forming the basis of the present study 
was devised by M. Gross, H. E. Jones, and M. C. Jones, for use 


•Accepted for publication by Harold E Jonea of the Editorial Board and 
received in the Editorial Office, June 26, 1935 

^ A study of children's annoyances, of which this is a part, wus initiated 
in 1933 at the Institute of Child Welfare by Harold E Jones Acknowledg¬ 
ment is given to the earlier work of Hulsey Cason (2) in this general field. 
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With children between the ages of ten and 16. The Inventory con¬ 
sists of items which arc considered more or less representative of 
annoyance stimuli experienced by, or known to, adolescents. Form 
A of the Inventory consists of 105 items; Form B, of 140 items (of 
these, 96 occur also in Form A) Both Forms A and B were admin¬ 
istered in the spring of 1933, and again in the spring of 1934; in 
eacll year, Form B was given a week after Form A. On each occa¬ 
sion, the Inventory was administered as a group test in the children’s 
classrooms, by M. C Jones 

Table 1 presents samples of the items m the Inventory, and indi¬ 
cates briefly the nature of the 11 classes or categories into which the 

TABLE 1 

Sample Items From the Various Classes or the Anhoyahcb Inventory 

Class 1 Sound 

A dog barking at night 

Hearing static or similar noises on the radio. 

Class 2 Sound (Personal) 

Someone practicing singing exercises 
Someone who whistles loudly in the house 

Class 3. Untidiness (Dirt) 

Seeing a wash-bowl with a ring of dirt oft it. 

Furniture with dust on it 

Claaa 4 Untidiness (Lack of neatness) 

Seeing a desk all cluttered up with papers 
Seeing a picture that isn't hung straight on a wall. 

Class S Untidiness (Personal) 

A child whoso face is dirty or grimy. 

Seeing someone whose hair is all mussed up 

Class 6 Impropriety m eating 

Someone trying to talk while he has too much food in his mouth 
Someone who soaks his bread or coke in his coffee or tea. 

CInss 7 Bad form 

Someone who is a poor loser in a game 
A boy or girl who is rude to a much older person. 

Class 8. Infringement 

To have someone walk in front of ray seat at the movies. 

Having to get off the sidewalk to pass some people who are taking up 
all the room 

Class 9 Injury to self-esteem 
To have a hole in my stocking where it shows 
Someone who does not pay attention to wlist I am saying. 

Class 10 Miscellaneous (Personal) 

Someone with a bad breath. 

To answer the door and hnd it is only a salesman 
Class H Miscellaneous 

Walking on sugar which has been spilled on the floor 
The smell of garbage 
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Items have been grouped The selection of the 11 categories of 
classification, and the placement of items within each category, were 
carried out through the consensus of opinion of four psychologists 
The Items belonging to any given class were scattered at random 
throughout the entire Inventory. Table 2 shows the number of 

TABLE 2 

This Table Snows the Number or Items in Each Class or. Category of 
THP Annoyance Inventory, • and thp Total Number of Ijew-Ebspovses 
ON Which a Child’s Score is Based 



Clnss 

Number of items 
Form A Form B 

Total no of 
responses 
(1933-1-1934) 

I. 

S (Sound) 

17 

18 

70 

2 

SP (Sound-Personal) 

17 

22 

78 

3 

UD (Untidiness-Dirt) 

13 

13 

52 

4. 

UN (Untidiness-Neatness) 

10 

9 

38 

5 

UP (Untidiness-Personal) 

17 

17 

68 

6. 

IE (Impropriety in eating) 

8 

10 

36 

7. 

B (Bad form) 

7 

14 

42 

i 

I (Infringement) 

4 

9 

26 

9 

SE (Injury to self-esteem) 

5 

14 

38 

10 

MP (Misc-Personal) 

4 

9 

26 

11 

M (Miscellaneous) 

3 

5 

16 


Total Inventory 

105 

140 

490 


*For administration in the spring of 1935 and subsequentiy, an enlarged 
l60'iUm Inventory bas been prepared, with additions especially in the 
classes I and SE 


items in each class, for Form A and Form B separately. Since there 
are 105 iterns in Form A, and 140 in Form B, and both forms were 
taken twice, a child’s score on the total Inventory is based on a total 
of 490 Item-responses at four different administrations. The response 
to each item of the Inventory consists in the encircling of eitlier an 
“M,” an “L,” or an “O”—accoiding as the particulai item is re¬ 
ported as provoking much, little, or no annoyance, respectively. In 
scoring the subject’s responses, the encircling of an "M” is counted 
as 2, of an “L” as 1, and of an “O'* as zero. The subject’s raw 
score on the total Inventory is simply the total of his scores on all 
the separate items, similarly, the subject’s score for any class or 
category is simply the total of his scores on the items m that parti¬ 
cular category. In the present study, the data from all four admin- 
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istrations of tlio Inventory have been combined,® in order to elim¬ 
inate transient influences, and to secure the greatest possible relia¬ 
bility of measurement. 

Tile technique of combining scores from the four testings re¬ 
quires a word of explanation For each child, the raw scores 
from the four testings were added, the resulting distribution 
was then normalized, and original scores converted to scale 
scores (similar to T-scorea), with a mean at 50 and a standard 
deviation of 10 This procedure wa*) followed for the score on 
the total Inventory, and also for the score on each of the eleven 
classes or categories of the Inventory. The normalization is 
easily jiistiliaiile, since the distributions of raw summed scores 
were approximately normal The purpose of normalization and 
conversion to scale scores was to provide scores of uniform 
meaning, useful for mspectional comparison with dntn from 
other group teats and mensuremenU similarly treated 

IV Reliability of the Measurements 

The "split-half" reliability of the Inventory was obtained by dlvltl- 
ing the Inventory into two equivalent halves, and calculating the 
correlation between the raw scores on the two halves. The items 
of the two halves were paired on the basis of a prion qualitative 
similarity, and on the basis of the empirical data concerning the pro- 
vocativeness of each item. The Spearnian-Brown relmbility coeffi* 
cicnt for the total Inventory (four administrations) is 990, the 
reliability coefficients for the eleven classes of the Inventoiy (as listed 
in the last column of Table 4) arc generally .90 or above 

The retest (as opposed to spli(-h.Tlf) reliability of the In- 
ventoiy has not been computed for the sample of the present 
study In a larger iinseiccted group, of which the present 
group Jg a part, the correlation between weekly retesta (Form 
A V9 Form B) is around 85 foi the entire Inventory, and 
around 75 for the individual categoiics 

The co^^el.^t^o^ between age and scores on the Annoyance 
Inventoiy is uniformly very close to zero in our sample, hence 
none ot the reliability coefficients mentioned above is affected 
by Q spurious agc-factor 


This procedure is justiiied In view ot the simlririty ot the two forma, 
and the high agreement of results secured in the different testings 
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In addition to Annoyance Inventory scores, the present study 
makes use of the children’s intelligence quotient The intelligence 
quotient is based upon four intelligence tests; viz., the Thorndike 
CAVD, the Terman Group Test, the KuWmann'Anderson, and the 
Stanford-Binct (short scale only) The reliability coefficient for 
the measure of intelligence based upon all these tests is estimated 
as about .97 (two of the tests have reliability coefficients of .95 
each). 

V. Intercorrblations 

Table 3 shows the inlercorrelations between 13 variables’ intelli¬ 
gence quotient, total annoyance score, and annoyance scores for 
each of the eleven classes of the Annoyance Inventory. From in¬ 
spection of the table, it appears that each of the annoyance scores is 
somewhat negatively correlated with intelligence (median, about 
—.20), The scores for each of the 11 individual classes of the 
Annoyance Inventory arc highly correlated with total Annoyance 
Inventory score (generally over .85). The intercorrelations among 
the 11 annoyance categories are also fairly high, ranging from 57 
(between infringement and unttdmess-personal) to .93 (between 
untuUness’personal and nnudlness^dtrt). Since the reliability co¬ 
efficients for the individual categories are practically all over .90, 
It is clear that, while tlie 11 classes apparently have much in com¬ 
mon, the intercorrelations cannot be explained entirely on the basis 
of a single common factor Certain pairs of categories are a good 
deal more closely correlated than others; and this variation is not 
determined by differences m reliability of the scores for the various 
classes. Thus, the two sof4nd categories conelate .86 with each other, 
but around 70 with other (equally reliable) categories. Similarly, 
the three untidiness classes {UD, UN, and UP) are intercorrelated 
to the extent of .90 or over, but correlate only around .60 with 
infringement 

Careful cxnininalion of the tabic of correlationa indicates a 
conspicuous "cluster” of the three UHlidwess classes (inter-r’s 
90 OT over). Associated with the response to utiltditiess are the 
responses Co items dasdited as impropriety in eating and bad 
form (the inter-r's between these and tire utiUHiticss classes are 
over 80) The classes I, SE, and MP {infringement, tn'piry to 
self-esteem, and vniscellaneous-personal) constitute a highly in- 



TABLE 3 

iNTfiRCoRREUTtONS AMONG INTELLIGENCE, ToTAL AnKOIANCL INVENTORY SCORES, AND SCORES ON INDIVIDUAL CLASSES 
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tercoirelated trio (around 85), as do also the classes B, SF, 
and MP {bad form, i»;«ry lo self-esteem, and mtscellaneous- 
pefsonal —average, over 85) The class sound (except for Us 
high relation to sound-personal) is the most nearly independent 
of all the classes of the Inventory The class 7, tufriugcvient, 
also appears to lay some claim to comparative Independence In 
the next section we shall observe to what extent a factor analy¬ 
sis by the Thurstone center-of-gravity technique bears out the 
groupings indicated above 


VI The First Factor Analysis 

In the ptesent paper, three factor analyses will be presented. The 
hist factor analysis involves the interconelations between scores in 
the II classes of the Annoyance Inventory (cf Table 3) By the 
fiist analysis, four group factors have been extiacted. The "factor 
loadings”—i c., the correlations between each factor and the original 
annoyance categories—are given in Table 4 As shown in Table 4, 

TABLE 4 

Quantitative Results or the First Factor Analysis 


(Based on intercorrclstions among 11 classes of the Annoyance Inventory) 



Class 

I 

Loading for the 
four factors 

II III 

IV 

Sum of 
squares 

Relia¬ 

bility 

coeffi¬ 

cient 


S (Sound) 

$0 

— 33 

— 27 

03 

82 

.96 

2 

SP (Sound-Personal) 

87 

— 23 

— 28 

16 

91 

92 

3 

UD (Untidiness-Dirt) 

91 

.29 

— a - 

-.12 

94 

95 

4. 

UN (Untidiness-Neatness) 

89 

31 

— 04 

03 

89 

94 

5. 

'UP (Untidiness-Personal) 

88 

.19 

— 04 

OS 

93 

96 

6 

IE (Impropriety in eating) 

86 

26 

— 01 

OS 

81 

93 

7 

B (Bad form) 

.91 

08 

20 

00 

87 

94 

8 

I (Infringement) 

82 

— 35 

19 - 

-12 

.85 

89 

9 

SB (Injuiy to self-esteem) 

90 

— 14 

25 

05 

.89 


10. 

MP (MisCi-Personai) 

90 

— 22 

22 

.08 

91 


11 

M (Miscellaneous) 

90 

— 0+ 

— 09 - 

-19 

86 

84 


Mean* 

88 

.24 

.15 

08 

88 

92 


•The mean factor loading is taken without regard for sign 


the value of the average sum of squaies of the factor loadings is not 
far below the average reliability coefficient, indicating that the four 
factors serve to account for the conelations of Table 3 fairly well 
Factor analysis indicates how many independent group factors are 
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lequiiecl m oidei to account for the inteicoirelations among a set of 
variables, it does not diiectly indicate the nature of these factors. 
From tlie point of view of factor analysis, eacli factor is merely 
itself, j e., each factor js completely defined by its statistical deiiva- 
tion. To discover the natuie of a factor, in terms of other known 
variables, it is necessary to have the correlations of the factor with 
these other variables. Such correlations, or “factor loadings,” arc 
given in Table 4, and arc more conveniently presented in Table 5. 

TABLE 5 

The CrAssES op the Annoyance Inventory wmi Comparativcly Large 
P osmvL Factor Loadings, ano with Cqmparativi ly Large Negative Factor 
Loadings, Rcspcctivcly 
(First factoi-analvsw) 


Positive loacilnge 

Ncg.TtlVC 

loadings 

Class 

Loading 

Class 

Loading 


Factor I 



All classes have high positive 



loadings 

with Factor I (avei- 



sge, 88) 

Factor II 



UP 

39 

I 

— 35 

UN 

31 

S 

—.33 

UD 

29 

SP 

— 23 

IE 

26 

MP 

— 22 


Faclox III 



SE 

25 

SP 

—.28 

MP 

.22 

$ 

— 27 

B 

2a 



I 

19 




Factor IV 



SP 

16 

M 

— 19 


From Table 5, it appears that the first factor—heavily loaded with 
all classes of tlie Annov.ince Inventory—may best be thought of as 
general annoyabtlUy This is by far the largest of the four factors.® 
The second factor is most heavily loaded (positively) with the 

®To die extent th.it the rntcrcoirelations in Table 3 are affected by corre¬ 
lated response-errors at each administration of the Inventory, the intcr-i’s 
in Table 3 arc spuiiously high, and the general annoyability factor is too 
large Th.Tt the general anno 3 -.Tbilily factor is not due merely to the correla¬ 
tion of rcsponse-crrois is indicated by the differences between intercorrcla- 
tions and reliability coedtcients, and by the considerable diflcrencca in the 
correlation between certain p.Tirs at classes in Table 3. Other evidence, not 
included in the present paper, is the wide and appropriate variation in pro¬ 
vocativeness of the individual items of the Annoyance Inventory 
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classes VP, UN, UD, and IE, this may be charactertzed as an “un¬ 
tidiness" factor The third factor is positively related to certain 
peisonal annoyances, such as are included in classes SE, MP, B, 
arid I, this factor is hard to name concisely—“susceptibility to per¬ 
sonal annoyances" and “jntroveision” are not sufficiently restrictive, 
and no other useful phrase suggests itself The fourth factoi is of 
least impoitance in determining the intercorrelations between the 
annoyance classes; and since two later factor analyses confirm the 
impression that this fourth factor is comparatively nairow, specific, 
and unstable, we shall dismiss it without further consideration 

The negative factor loadings of Table 5 are just as interesting as 
the positive Sizeable negative loading of the second factor is found 
in classes /, S, SP, and MP {mirlngement, sound, sound-personal, 
and miscellaneous-petsonal ), sizeable negative loadings of the third 
factor are found in classes SP and S {sound-personal and sound). 
Evidently, a person scoring high in the second factor will be more 
lilcelv to be annoyed by untidiness than by items in classes /, 8, SP, 
of MP, a person scoring high in the third factor will be more likely 
to be annoved by items m classes SE, MP, B, and /, than by items 
in classes S or SP. This eontiast nature of the factors Is an Interest¬ 
ing and distinctive contribution of factor analysis. 

The continuum implied m the first factor—much annoyability vs 
little annoyability—is obvious and easily grasped; it is of the sort im¬ 
plied by the assumptions of quantitative measurement. But the con- 
tinua implied in the other factors are empirical discoveries; like the 
correlations between different tests, they cannot be predicted a 
prioii. The method of arriving at them is scientifically objective, 
and they necessarily reflect trends present in the data They imply 
that a component of one group of variables is opposed to a component 
of another group of variables; or, applying the rule of parsimony, 
the same component is positively included in one set of variables and 
negatively included in another As a hypothetical case, consider in¬ 
telligence as a component of the second factor. Since it is intelligent 
to be greatly annoyed by infiingcments upon one's rights, and com¬ 
paratively less intelligent to be greatly annoyed by untidiness (an 
empirical finding, quantitatively presented in the next section), there 
IS a component (intelligence) leading these two groups of annoy¬ 
ances to be opposed. This opposition is not clearly evident m the 
original variables, because other components of heavier ivcight are 
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in agreement throughout all the variables—as evidenced by the high 
correlations between the various annoyance classes. Persons ac¬ 
quainted with test results know in general that total score on a test 
does not adequately present all the results of measurement. Such 
workers usually note tendencies of individuals to score high on some 
material and comparatively low on other material, and they cite tliis 
fact as the sort of evidence ignored in total scoie When such ten¬ 
dencies are present, and characteristic of groups of persons, a factor 
analysis will summarize these tendencies, and indicate them in order 
of impoitance 

Table 5 indicates that as one moves from high to low scores in 
Factor II, there is a continuous decline in annoyance at untidiness 
and a steady increase in response to annoyances /, 5, SP, and MP- 
A high score in Factor 11, then, implies not only gieat annoyance at 
/, (S'?, and MP^ but also little annoyance at untidiness. In short, 

scores in Factor II arc m the nature of difference scores between /, 
S, BP, and MP on the one hand, and nnudmess on the other From 
the original classification of items (Tabic 1) and the tabic of inter- 
correlations (Table 3), it is not immediately evident that a con¬ 
tinuum of the soit indicated by Factor 11 exists Extraction of the 
factor loadings amounts to the discovery that such a continuum 
exists Similar considerations of course apply to Factor III aho 

VII. Thu Second Factor Analysis 

The second factoi analysis is identical with the hist, except that 
the score on the total Annoyance Inventory has been included as a 
variable in the table of interconclations. On theoretical grounds 
one would expect that the results of this factor analysis should (at 
least for the major factois) run paiallcl to the results of the first 
analysis Inspection of Table 6 shows that this expectation is stuk- 
ingly confirmed. The loadings for Factors I, II, and III of the first 
factor analysis are piactically identical with tho'?e for Factors I, II, 
and III of the second factor analysis (cf. Table 6, column 2 vs 3, 
5 vs. 6, and 8 vs. 9). Evidently, the change of “set-up” in the table 
of intercorrelations (through addition of total Inventory score) has 
had practically no effect on Factor I, nor—despite their compara¬ 
tively small magnitude—on Factors 11 and III 
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VIII The Third Factor Analysis 

The third factor analysis is identical with the first, except that 
the variable “intelligence" has been introduced in the table of corre¬ 
lations The purpose of including intelligence is twofold' first, to 
observe the relation of intelligence to annoyance factors, and second, 
to observe the effect, upon factor loadings, of introducing a vaiiable 
which IS greatly different from the others in the table of intcrcorre- 
lations 

Table 6 gives the quantitative results of the third factor analysis 
It is clear, from this table, that very close agi cement exists between 
the first, second, and third factor analyses, with respect to Factors 
I, II, and III,^ in all three analyses, the loadings for a given factor 
are quite similar. Factor IV, however, is evidently different in each 
analysis This factor—the smallest and least influential one—is evi¬ 
dently strictly dependent on the pecuhaiities of tlic particular inter- 
correlational “set-up " The first three factors, op the other hand, 
remain stable when another variable is added to the table of mter- 
correlations The waters have, on several occasions, heard the criti¬ 
cism that the results of factor analysis arc strictly dependent upon 
the intercorrelattonal “set-up ” The implication of this remark has 
generaiiy been that factor analysis icads to results which are com¬ 
paratively fragile, delicate, undependable The results from our three 
factor analyses, as well as from certain previous work (I), appear 
rather definitely to disciedit this idea, and to lay the burden of proof 
on the critics. 

One mteiesting finding deserves some comment. In Table 3 (the 
table of intercorrelations), it appeais that intelligence is negatively 
related to total Aniioj'ance Inventory score, and niso to the score in 
each class of tlie Inventojy In Table 6, however, it appears that 
intelligence is fiosihtiely loaded with Factors II and IV (of the third 
analysis). Evidently, then, whatever is measured by Factors II and 
IV (of the third factor analysis) is positively related to intelligence 
We do not care to stress this result for Factor IV, since (as we have 
shown above) there is question concerning the general significance 


‘The loadings for Factors II and III of the third analysis differ in alge. 
braic sign, but not essentially in magnitude This is as if one replaced q 
variable like "boldness” by one termed “timidity” The two differ (so to 
speak) m algebraic sign, but represent the same variable 
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of this factor Factor II, however, is stable, and the results for this 
factor may be taken sciiously High scores in Factor II of the 
third analysis, it will be recalled, indicate annoyance at tnfrinffe- 
mentf low scores indicate annoyance at untidiness. In strictest 
theory, all we may say is that Factor II is positively related to in¬ 
telligence There is a strong temptation to add, however, that in¬ 
telligence is positively related to the tendency to report annoyance 
at infringement (« inensuieA by Factor JI) and negatively related 
to the tendency to respond to the items m untidiness {as measured 
by Factor II) Among children of a given level of general annoya- 
bility (le, of a given score in Factor I), the more intelligent are 
more strongly responsive to the positive end of Factor II than the 
negative. Other things being equal, intelligent childien arc charac¬ 
terized by greater annoyance at infringement than at untidiness. Here 
IS a finding which appears rational and “sensible”, and which is much 
more clearly revealed by factor analysis than by the slight varia¬ 
tion in negative correlations of intelligence with the original scores. 

IX Interpretation 

We wish to recognize, here, certain limitations of the present in¬ 
vestigation. An important consideration is the fact that the results 
are based on the self-report of young adolescent children. There 
undoubtedly is an age below which the method of self-report should 
not be used; the statistical evidence of validity of the method m the 
present sample consists m the findings conccining reliability (section 
IV), the distinctions among the annoyancc-dasscs (Tables 3-6), and 
the variation in provocativeness of the individual items of the Inven¬ 
tory (footnote 3) ° 

We have already discussed the “meaning” of the factors, in the 
section dealing with the first factor analysis. The factors are mathe¬ 
matical entities, determined and defined by mathematical pro- 

SZ 

cedure—^just as the mean is determined and defined by-, and the 

N 


®AUo sound and mtsceUaneous-peisonal, but rather more especially in- 
inngemetit, 

“It would, of course, be desirable to supplement the method of self-report 
by more objective and experimental techniques For certain selected annoy- 
ancea adaptable to such techniques, an instrumental study has been under¬ 
taken by other members of the Institute of Child Welfare. 



ANALYSIS OP CHILDREN S ANNOYANCES 


295 


coefficient of coi relation is deteimined by the formula- These 

lV(7-ffl(Tv 

latter mathematical concepts have acquired piactical meaning through 
use The same may be said of factors. One obvious use to be made 
of factors is to find the correlations between the factors and other 
variables (including othei factois). Such correlational studies, ex¬ 
tensively conducted, are capable of establishing the “meaning’’ or 
psychological significance of factors on a sound empirical basis. 

Factors are dciived from tables of intercorrclations—do they tell 
us anything not disceintble from the intercorrelations themselves, or 
not obtainable bv stiictly correlational teclmiqucs? The answer is 
indicated m Tables 4-6 These tables list a small number of in¬ 
dependent “factors," capable of explaining the intercorrclations among 
manv non-independent variables. These factors are new entities, 
sometimes exhibiting characteristics not openly shown by any of the 
originally measured variables Moreover, the contrast nature of 
many of the factors jeveals trends whicli aie haidly obvious fiom the 
table of intercorrclations alone 

It IS quite evident that tlicre are othci valid approaches to the an¬ 
alysts of our data from the Annovance Invciitoiy. Cot relation and 
factor analysis both seem to leave much to be desired, for example, 
from the point of view of clinical interpretation The new approach 
of factor analysis, however, merits our consideration as one of many 
possible avenues which must be exploied m the search for adequate 
methods of measuring personality traits. 

X. Summary and Conclusions 

An Inventory of common annoyances was devised, and was admin¬ 
istered on four different occasions to each of 100 school children 

^Question may arise m the minds of some readers whether an equally 
efficient analysis of the original data could not have heen contrived tlirough 
the extensive use of partial correlation. This is not the place to indulge in 
any lengthy compaiison between the two techniques of partial correlation 
and factor analysis It is well to note here, however, that factor analysis 
most “paisimoniously" replaces the onginai variables by independent ‘‘’fac¬ 
tors”, and that the factors after the first are m the nature of difference 
scores. Thus, our second factor may be thought of as indicating the dif¬ 
ference between annoyance at infringement and annoyance at untidiness 
(cf section VI, on the “contrast nature” of the factors), It is difficult to 
see how partial correlation could, with equal elegance or economy, achieve 
the results of factor analysis. 
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For purposes of the present investigation, scores from the four ad¬ 
ministrations have been combined, in order to eliminate the effects 
of transient conditions, and to secure high reliability of measure¬ 
ment 

The items of the Inventory were classified into II different gioups, 
and a score obtained foi each of these classes (as well as for the total 
Inventory). Intcrcorrelations between the scores in the various 
classes were computed, and three multiple factoi analyses of the in- 
tercorrelations, by Thurstone’s simplified method, have been carried 
out, with conditions somewhat altered In each analysis The find¬ 
ings support the following conclusions’ 

1, Four factors serve fairly well to account for the intercorrela- 
tions among the various classes of the Annoyance Inventory, 

2. The Annoyance Inventory has piovidcd stable measuicment of 
the first three factors. When the intercorrelational “set-up” was 
changed by the addition of another vaiiablc, the first thiee factors 
remained the same, but the fourth factor was disrupted 

3 The first factor, which is by far the largest, measures general 
annoyahihty (within the limitations of the present Inventory), Fac¬ 
tors II and III are less easily described Factor II is comparatively 
heavily loaded (positively) with the untidiness classes of the Inven¬ 
tory, and loaded (negatively) with the infringement^ sounds sound* 
personal, and miscellaneous-pet sonal classes of the Inventory. Factor 
Zri fs comparattVe/y heavr/y loaded (poM'fivclv) with a group of per¬ 
sonal annoyances— mjwg lo self-esteem, bad form, infringement, and 
miscelUneous-peisonal] and negatively with sound and sound-personal. 

4, The scoies for the total Annoyance Inventory, and for each 
class of the Inventory, correlate negatively with intelligence, the 
correlations ranging from —.04 to —,29 The conclations with 
Intelligence are —.23 for Factor I, + 30 for Factor II, and 

for Factor III Thus the factors reveal differentiable trends of an¬ 
noyance in lelation to intelligence, much more clearly than the slight 
variation in negative correlations of intelligence with the original 
scores. 

5. The comparative procedures applied here have provided proof 
of the st.'ibility of the annoyance factors, evidence concerning their 
meaning, and knowledge of their relation to intelligence. Metho¬ 
dologically, It is deal that a single factor analysis is not likely to 
be any more fruitful than a single, isolated average or coefficient of 
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correlation. "What is required are numerous analyses, under sys* 
tematically varying conditions—the maiiiage of statistics and experi¬ 
mentation. 

NOTE, Since this article was wiittcn, Dr. L, L Thurstone has published 
his book The Vectors of Mnut This more comprehensive fornanlation oi 
factor theory includes the description of further techniques, not applied to 
the data in this article These further techniques for rotating the axes 
and securing a unique "simple structure" arc intended to thiow additional 
light upon the nature of the components However, the mcUiod involves 
maximizing the number of zero entries m the factorial matux In view 
of the uniformly high positive loadings of Factor I (See Table 6 ) resulting 
from the high intcrcoirelations among the oiigina! annoyance classes (Sec 
Table 3), wc are at present in some doubt as to the applicabiJity of the new 
techniques to the present data 
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2739 Enneroft IVay 
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L’ANALYSE DBS FACTE0RS MULTIPLES DES ENNUIS DES 
ENFANT 

(Resumi) 

On a formula un inventaire des ennuis ordinaircs, et I’n subir h chncun 
de 100 ^(^ves i quatie occasions differcntes On a classilid lea points dc 
I'inventaire en onze groupcs divers On a compute its mtcrcorrelationa 
entre les resultals dans Ics divcrscs classes, et i’on a fait trois nnalysci des 
/acteurs multiples des intercorr^lations, selon ia rnctliodc simplihee de 
Thurstone, nvee les conditions UQ peu changees dans chaque analyse Les 
donnees souticnnsnt les conclusions suivantcs 

1 Quatre facteurs servent ossez bien pour cxpliquei les mtercorrelations 
entre les diverscs classes 

2 Une correlation (dc —0,09 ft —0,29) cxiate entre I’lntelli' 
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gence et lea liaultats biuts dans Ics dtversea classes de I'lnventaire des 
ennuis, En contraste, la coir^latlon entie rmtelhgcnce et le Factcur 11 
est de +0,30, lea correlations entre I’intelligcnce et Ics Facteurs 1 et 11 
sent de --0,23 ct +0,01, lespeclivemcnt Ainsi les facteurs mortrent dea 
tendances d.’cnniu qu’on pcut cliflerencicr h Tigard de I'lntelligencc, beaucoup 
plus claiiement que la petite vaiintion dans les correlations negatives de 
I’intelligence Qvec les rdsultats origmaux 
3 L’inventaire dcs ennuis fournit «ne meaure stable des trois premiers 
facteurs Quand an a change le “groupement” des mtcrcorrilatlons par 
I’addition d'unc autic variable, les trois premtera facteurs sent rcstes lea 
memea, mois \t quatTiemt iacAiui \miiiifetlfiueitieTil \b p\iis petit) a etc bnsfc 

Carter, Conrad, ct Jones 


EINE VIELFACHE FAKTORENANALYSE DER VERDRUSSE VON 

KINDERN 

(Reffirat) 

Em Invemar der gewohnhehen Verdrusse wurde aufgestellt iind jedem 
von 100 Schulkindern vier verschiedenc Male gegeben Die Einzclhciten 
des Inventars wurden in elf verschiedene Gnippen eingcteilt Die Zvrischen* 
Icorrclafionen zwischen den Werten in den vcrschiedcncn Klasson wurden 
ausgereclinet. Drei vielfache Faktoienanalysen der Zwischenkoirelatlonen 
wurden vermiltelst der Thurstone verclnfachlcn Methode ausgefilhrt, Indem 
die Bedmgungen bci jedcr Analyse vcrandeit wurden, Die Befundc unter- 
stutzen die folgenden Schlusse 

1 Vier Faktoren dienen zicmlich gut zur Erklanmg der Zwiaclien- 
korrelationen unter den vcrschlcdcnen Klassen 

2, Eine negative Korreiation (von —OjOl bis —0,29) bestcht zwiachen 
Intelligent: und den groben Werten in den vcrschiedciien Klassen des 
VerdrussinventarS' Im Gegensatz dazu ist die Korreiation zwischen In- 
telligenz und Faktor II + 0,30, die Korrelationcn zwisclicn Intelligenz und 
Faktoren I und II sind ^,23 bzvv +0,01 Dadurcli zeigen die Faktoren 
untersclieidbare Ncigungen des Verdrusaes im Verhaltnls zur Intelligenz 
klarer als die gcringe Variation in den negativen Korrelattonen der Intclli- 
genz mit den ursprunglichen Werten 

3, Das Verdriissmventar veraebafft bestandige Messung der ersten dici 
Faktoren Wenn die Aufstellung der Zwlschcnkorrclationen durch die 
Eeifugung einer anderen Vaiiable verandert wurde, bleibcn die ersten drei 
Faktoren diesclbcn, aber dec vierte Faktor (der Zahl nacU der klevnste) 
wurde auscinandcigensscn, 


Carter, Conrad, und Jones 



THE RELATIVE DIFFICULTY OF MECHANICALLY 
EQUIVALENT TASKS. I HUMAN LEARNING* 
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DONAtD SnYGO 


Theories of learning fall, in general, into one of two quite dis¬ 
similar groups* objective theories, winch Ignore any relationship be¬ 
tween the learner’s achievement and the way he is experiencing the 
tasks, and phenomenological theories, winch attribute the increased 
efficiency of perfonnance to changes in the way the task is experienced 
Theories of the first type commonly make use of the expression 
"trial and error"; theories of the second type emphasize "insight,’' 
"understanding," or "means-ends relations." Tlicse disparate views 
represent two ways of studying learning, cither wholly m terms of 
objective pcrfoimance of the Icarncj, or with additional data regard¬ 
ing the learner’s experience of the task The latter experiential 
approach need not be purely introspective as reported by the learner 
himself It can also be approached in terms of inferences to be 
drawn by an onlooker from certain aspects of a learner’s perform¬ 
ance 

Traditionally the study of learning thus involves tlie description 
of successive perfoimances of the same task by an individual who par¬ 
ticipates in the learning or who merely looks on. The description is 
dependent upon which role the reporter is playing. Objectively, 
that is as viewed by an outside observer, the problem to be learned 
remains unchanged while the objective activities of the learner 
change in speed or distance on successive presentations. As ex¬ 
perienced by the learner, however, it is the task which changes, the 
learner remaining unchanged. 

The adv.'intages of the objective method are threefold: the 
activity of the leainer may be viewed by more than one observer, it 
may be measured in units of time and distance; and tliese measure¬ 
ments may be correlated with other observable and quantifiable con- 

’Recommended by E A Bott, accepted foi publjcftUon b> Carl Murchi¬ 
son of the Editorial Board, and received in the Editorial Office, June 4, 
IMS. 
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ditions sucli as number of presentations or time of practice, amount 
of reward, or sticngth of obstacle, data which the learnei cannot 
share until he ceases to be a learnei and becomes an obseiver 

While these advantages are univeisallv admitted there is some 
question as to the adequacy of the data which it is possible to secure 
by the use of objective methods alone. It might be said that their 
present inadequacy for predictions of behavior is tacitly admitted 
in an inability to formulate objective theories without making in¬ 
ferences of physiological changes in the learnei Since the out¬ 
side observer, as we have pointed out, evperjences the pioblem as 
unchanging, it seems inevitable that the unobserved conditions of 
learning shall then be assigned to other giounds, in this case the 
learner Having approached the study of learning from the view¬ 
point of the learner and noted the way m which the task is experi¬ 
enced as charging during the course of learning, Kohlei (2) was 
led to infer that the increase in efficiency of his animal subjects went 
hand in hand with the way m which they experienced their tasks. 
In either case the observer is diiven to inference. 

The data furnished by the introspections of the learner arc un¬ 
satisfactory, in that the experience cannot be directly shared by 
others, with the result that the formulation of quantitative laws is 
impossible And similarly data fuinishcd by the objective technique 
may be unsatisfactory through assuming to be complete while ignor¬ 
ing experiential variables The ease with which present objective 
methods may investigate concommitant variations of speed of per¬ 
formance, amount of practice, number of repetitions, sticngth of 
obstacle, or amount of reward or punishment etc , had encouraged 
the study of tliese relationships only. The possibility of relating 
two quantitative variables has led us to concentrate on the quanti¬ 
tative aspects of behavior in the hope of reducing the character of 
the covariation to mathematical formulae And the faith that this 
will one day be possible has led behaviorists in particular to reject 
data which could not in this fashion be quantitatively expressed. 

The pioblem attacked in the investigation reported below is “Why 
is one task more difficult to perform or to learn than anotliei 
To this question an intelligent child might give two answers: “Be¬ 
cause there is less work to do That is, the mechanical obstacles 
are less, and “Because I know it better” While both answeis are 
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those of a learner rather than of an observer, both name determinants 
of difficulty for which objective criteria arc available. In the hrst 
case It js possible to desciibc the activity required for pciformancc 
in units of mass moved and distance traversed; m the second, it is 
possible to assume that units of practice or repetition are criteria 
of familiarity. But the child may also give another answer: "This 
is less difficult because it is simpler." This answci, though ap¬ 
parently plain, is apt to prove otherwise when one attempts to find 
quantitative criteria of simplicity. For this reason exponents of the 
objective appioach have tended to reject the validity of "simplicity" 
and its more sopliisticated relatives "belonging” and "Gest.ilt" on 
the plea that the first two answers are sufficient, that difficulty may¬ 
be fully piedicted in terms of length of task and amount of practice. 
If this be questioned it would be the duty of the qucstioneis to prove 
the inadequacy of those factors, since wc should not be expected to 
relinquish quantitative methods for qualitative ones without very 
good reason On tlie other hand, should the questioners demonstrate 
that the mcclianical factors and .amount of practice arc inadequate 
to explain difficulty, the objcctivist cannot salvage his quantitative 
system by drawing inferences in terms of "habit" or "instinct," etc., 
since these are not open to measurement. 

From this point of view the crucial question for investigation be¬ 
comes "May two tasks requiring the same or mechanically equiva¬ 
lent motor responses differ m time required for performance?" If 
they do not differ in speed of perfoimance the plienomenological 
approach is superfluous and unneccss.ary; if they do differ, -what laws 
best describe and predict such differences in difficulty? For instance, 
it IS easier to cancel the letters drink from a paragraph of pied 
lettcis than to cancel the letters rdnfci from the same paiagraph. 
Mechanically the two tasks arc identical but unless they are recog¬ 
nized as identical they will be performed at very different rates. It 
thus appears that tlie factois dcteimining performance time are not 
merely "mcch.anical” and it is this "something otlier” that we pro¬ 
pose to investigate 

It is quite possible to make at least some of these "other" condi¬ 
tions observable and objective by studying the performance by the 
same individuals, or by compaiable groups, of tasks which are me¬ 
chanically equivalent. Under such circumstances any difference m 
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performance time may be compared with the other objective differ¬ 
ences between the tasks It is upon this general method, the com¬ 
parison of performance times of mechanically equivalent tasks, that 
the experiments in this investigation were based. Since the method 
was not fully developed prior to the expeiimentation, but grew out 
of the exigencies of the search, the eailier experiments fall short of 
the ideal form In the final expeiiment on human subjects it was 
possible, by selecting suitable tasks and using each subject as his own 
control, to equate the tasks for motivation, nnaturation, and previous 
experience as well as for motor response 

The first section of the present study is the description of an 
effort to make the so-called "subjective” conditions of difficulty ob¬ 
servable inferentially to the experimenter These conditions might 
then be systematically varied and the results of such variation used 
as data for the formulation of principles adequate for prediction 
The second section, to be presented in a later paper, is an account 
of a series of experiments in which the principles derived fiom the 
work on human subjects were applied in predicting the comparative 
number of trials required by white rats for the mastery of various 
maze problems 

In the introduction we have classified the determinants of per¬ 
formance times as. (1) mechanical, the gross physical featuies of 
the activity in terms of mass and distance, and (2) "something 
other,” the unknown factor which we intend to investigate Since 
the "mechanical” features include most of the objective data or¬ 
dinarily discernible by an outside observer, it is impossible for that 
observer to proceed fiiither alone without abandoning observation 
and drawing infeiences of “practice,” “repetition,” or "synaptic 
conductivity” as explanations of difference in performance times 
There is, however, another observer in the situation, namely the 
subject; and while it is impossible to compare change m his experi¬ 
ence of the tasks with changes in their peifoimance times with any 
degree of precision, it is possible to determine if any general relation¬ 
ship exists between them If such a relationship docs exist, mechani¬ 
cally equivalent tasks experienced as different will approach a com¬ 
mon performance time as they come to be experienced as equivalent 
Subjects were asked to give as rapidly as possible the opposite of 
each of ten words which they read fiom a typewritten list. Thiee 
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hsK were used! A, consistmg of words with a high probability of 
evoking oppobites in a fiee association test, B, of woids not ?o leadily 
associated with their opposites; and Gy of words which can be con¬ 
sidered to have opposites only In one sense or rehuionslnp, 


A 


B 


C 

up 


wojk 


call 

hot 


start 


dive 

slow 


hill 


refrigerator 

young 


silence 


twelve 

good 


Inme 


red 

high 


music 


hold 

new 


hungry 


ndc 

hard 


command 


anger 

Wet 


sleep 


whisper 

large 


still 


bread 

The lists were presented 

m By Cy Aj 

By G 

order witli the older 

of words changed at each 

piesentation 

The 

response words and 

spontaneous comments were recorded by the expciimenter. 

T)ic aveiage 

times of five graduate students 

111 Llieir 12 trials at 

one sitting arc presented m 

Table 1 





TABLE 1 



Opposites Tests Mean Performance Times in Seconds 



Test 



Trial 

A 

B 

C 

C 

I 

P.s 

31.7 

39 7 

11.2 

2 

U.Z ‘ 

19 7 

36 8 

9 5 

3 

12 6 

13.9 

32 6 

9t) 

4 

9 5 

u i 

23 4 

89 

5 

9,9 

12.3 

17.8 

80 

6 

97 

10 7 

11 3 

90 

7 

9,9 

12.0 

13 I 

8.7 

8 

93 

110 

12.8 

8 5 

9 

80 

11 S 

a 8 

84 

10 

8 6 

%6 

9 2 

92 

11 

82 

10 8 

9.4 

9 1 

12 

50 

91 

96 

8 8 


Two subjects vi^cre allowed to lead list C bcfoie testing Their 
results are listed m column C' of the table 
Results The mean performance times lor all lists became ap- 
proYimately equal by the tenth trial, when the average times were 
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8.6, 8 6, 9 2, and 9 2 seconds. In both list A, where the “opposite" 
response was fluent from the beginning, and in list C there was 
little improvement during the practice period. While inspection of 
the gross time scores shown in Table 1 shows improvement with 
practice, the detailed responses of the subjects do not indicate im¬ 
provement by piactice In the case of the two subjects who were 
allowed to find satisfactory opposites for list G before being tested 
on it there was little improvement with further piactice In all 
cases the time curves levelled off as soon as the subject had found the 
opposites that completely satisfied him The longer performance 
times in the earlier presentations of B and C were tlius largely due to 
conscious seeking for satisfying responses Although several words 
evidently consideied inadequate were given, they were always given 
after a delay during which a “better” oppo<!!te had been sought In 
spite of the insistence on speed in the mstutetions and the presence 
of a whining stop-watch on the table, thcie were no cases where a 
subject deliberately chose a shoit word to save time. The final 
selections for the opposite of “refrigerator” were “oven,” “furnace,” 
“stove,” “incubator,” and “warming oven.” Both of the users of 
the last two reported that they specifically rejected “stove” because 
It did not give the exact shade of meaning they required “Incu¬ 
bator” was used in the sense of a laboratory incubator of bacterial 
cultures as opposed to the refrigerator, which inhibits the growth of 
micro-organisms. The exponent of “warming oven” shortened his 
response to “oven” after he had made it clear that “warming oven” 
was meant. Another subject who had alternated between "write” 
and "hear” for “call” expressed great satisfaction when she hit upon 
“beckon ” 

The longer performance times in the first presentations of B and C 
may be largely attributed to this conscious seeking for a satisfying 
response. ’When a completely satisfactory opposite was found it was 
thereafter evoked fluently. Relatively unsatisfactory responses were 
often repeated but only aftei an effoit to find a more pertinent word 
The effort would be renewed momentarily on subsequent piesenta- 
tions until the satisfying response was found. 

The only evidence of any other type of improvement was the report 
of a subject whose time on list A suddenly dropped from 8 3 to 6.8 
‘I didn't liave to think ‘up-down* that time. It was just ‘down.’ ” 
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Suinmaiy, Subjects were asked to name the opposites of words 
of various degrees of ambiguity. As soon as appiopnate opposites 
were found for all words tl»e completion times of the various lists 
tended to become equal. In spite of frequent use, a response inap- 
piopiiate to the subject’s concept of the stimulus word was always 
slow because he first sought a better. The satisfactory lesponse was 
always fluent 

Conclusion In this experiment mechanically equivalent tasks 
initially experienced ns different were pei formed in the same time 
as they became equivalent in expeiicncc 

Experiment 2 

Altliough the lesults of the first experiment indicate a lelationship 
between the way the task is expeucnccd by its performer and the 
time required for completion, the method used was quite inadequate 
for any precise investigation of the relationship Since this lack of 
precision is due to the inability of tlic cxpei imenter to share the 
experience of the performei except at second hand, it would be more 
satisfactory to present tlie subject with a task which can be experi¬ 
enced in either of two quite different ways, both of which aie known 
to the experimenter In the following experiment the task was the 
repioduction of a sciies of letter tiiads which could be viewed as 
nonsense material or as a familiar poem. In order to make group 
testing possible, tlie speed of performance was rated by the number 
of triads leprociuceil in unit time, instead of total perfoimancc time. 

Forty-one pupils in a senior thud (sixth ginde) class were al¬ 
lowed to study a 20-line list of nonsense syllables and consonant 
triads for two minutes They were then asked to write in one min¬ 
ute the triads they remembered Three difleient lists were u-^cd , 
the first ten lines of each running 


I 

11 

III 

era 

iiiid 

for 

und 

era 

men 

ead 

apr 

may 

spr 

ead 

com 

che 

ing 

can 

ing 

che 

dme 

mt 

&tn 

nma 

stn 

utt 

>BO 

the 

ree 

but 

ree 

the 

igo 
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List I was given three times m succession. In the fourth and 
fifth trials list 11 was used. This, while consisting of the same 
triads as list I, needed only regrouping to spell out the opening 
lines of Longfellow’s VHlaffe Blacksnnthj with which the children 
were familiar. The sixth exposure was of list III, and the seventh 
and eighth of list II. The children were told that they weie being 
tested to see who could learn the fastest and no comment was made 
on the lesults. One week later, at the same period, the experimenter 
re-entered the room and asked tlie children to write out as much of 
the material as they could remember Writing time was limited to 
five minutes At the end of that tune they weie asked to report 
in writing any device they had used to assist in remembering the 
lines. 

Results Fifteen pupils reported that they had remembered the 
triads as the opening lines of the Village Blacksmith; three used in¬ 
dividual mnemonic devices; 23 made no report. The previous re¬ 
ports of the 15 who reported recognition of the poem were examined 
and indications of recognition during the test were found in the 
reproductions of eight The other seven had failed to reproduce 
the syllabic order and had apparently learned the principle from class¬ 
mates after the original test. Averages of the four groups are given 
m Table 2. 

The features at once evident are. 

1. The close similarity of the results of the three mam groups 
in the first three trials where the principle was securely hidden. 


TABLE 2 

Average Numeer of Triads Reported Per Trial 



Group A 

B 

C 

D 


8 

7 

23 

3 


Discovered 

Tutored in 


Individual 

Trial 

principle 

principle 

No report 

devices 

1 

7 25 

6 43 

6 43 

6 67 

2 

10 J8 

9.86 

9 23 

8.00 

3 

11,50 

11*3 

11 00 

8 67 

+ 

10 87 

12,14 

11 05 

8 67 

S 

12 50 

13 43 

11 67 

10 67 

6 

12 25 

9 00 

9 SO 

10.00 

7 

14,25 

1113 

1177 

1000 

8 

15 25 

1243 

13,18 

10 00 

Recall 

18 50 

1213 

8.23 

s.oo 
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2 The superiority of the group which Later reported discover¬ 
ing the poem (group A) in the results for trial 6 when the "for 
men may com . verse was given its only presentation. The in¬ 
dividuals discovering the principle previously now applied it to the 
new poem. 

3. The continued superiority of group A when list II was 
again presented in trials 7 and 8 Individuals deriving the principle 
for the first time in trial 6 now applied it to the earlier list 

4 The marked superiority of group A in delayed recall. In 
this test, in which five minutes were allowed for report instead of 
two minutes as allowed m the practice senes, group A reported more 
triads than on any previous trial. No individual in the three other 
groups scored as high as the gioup A aveiagc 

5. The similarity of groups B and C, neither of which had 
discovered the "poem principle," during the practice scries 

6. The superiority in delayed recall of group B (which learned 
the principle from classmates after the practice series) over group C. 

7 The inferiority of individual mnemonic methods, as used 
by group D 

It should be noted that not all of the eight members of group A 
had derived the principle until the eighth trial Using correct order 
as a criteiion, two individuals had recognized the principle at the 
fourth, four at the sixth, five at the seventh, and eight at the eighth 
On the eighth trial only four individuals in the other groups (12 
per cent) made a score equal to the average of group A In the 
delayed recall test none of the other 33 mcmbeis of the class scored 
as high as the group A average. 

The scores on these two trials coiielated .30 and 28 rcspectivclv 
with National Intelligence scores and —01 and —01 with class 
standing 

Siirnma/y. Forty-one senior third-giade children were asked to 
learn lists of nonsense syllables constructed on a hidden principle. 
The final average score of the childien finding the principle was 123 
per cent that of the children not finding it 

In a surprise test one week later the children who had discovered 
the principle reported on an average 225 per cent as many syllables 
as the other children and 14 pei cent more than in their own last 
practice trial 
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The delayed recall score of the children who had learned the 
principle from playm.3te« between piactice senes and recall was 98 
per cent of their final practice senes score. 

The delayed recall score of children not reporting the principle 
was 62 per cent of the final practice score 

Conclusions. Children discovering the hidden principle were 
somewhat superior on immediate recall and markedly superior m de¬ 
layed recall to children using other methods. The way in which 
the task was experienced considerably affected the amount of work 
accomplished 

All the children who found one hidden poem were able to apply 
the same gencial piinciple in finding another. 

Expeiumeni 3 

In thf» last experiment the childien showed an ability to discover 
and use general principles. Having found that one list of non¬ 
sense syllables could be recognized as a familiar poem, they sought 
to find hidden poems in other lists. The following expeiiment was 
devised to investigate the question* Do people tend to use such 
geneial principles or procedures in solving groups of similar prob¬ 
lems; and if so, do these modes of attack affect the pcrfoimanee 
time of the several tasks? 

Ewe graduate students -were individually asked to find the next 
three numbers in each of the following scries* 


I 

1 

2 

3 

4 

S 

6 

7 

8 

9 

ir 

IS 

14 

13 

12 

11 

10 

9 

8 

7 

in 

1 

5 

2 

$ 

3 

S 

4 

i 

5 

ly 

9 

4 

g 

4 

7 

4 

6 

4 

5 

V 

9 

1 

8 

2 

7 

3 

6 

4 

5 

VI 

1 

15 

2 

14 

3 

n 

4 

12 

5 

VII 

2 

17 

12 

3 

16 

12 

4 

15 

12 

vin 

26 

14 

5 

25 

14 

6 

24 

14 

7 

IX 

5 

12 

1 

6 

11 

2 

7 

10 

3 

X 

9 

1 

19 

8 

2 

18 

7 

3 

17 

XI 

19 

1 

9 

10 

18 

2 

8 

11 

17 

XII 

2 

4 

6 

8 

10 

12 

1+ 

16 

18 

XIU 

1 

2 

4 

8 

16 

32 

64 

128 

256 

XIV 

I 

2 

4 

7 

11 

16 

22 

29 

37 

XV 

1 

3 

6 

4 

7 

21 

18 

22 

88 


Results. The method of piocedure was inferred from the written 
calculations which the subjects used in their solutions. 
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The performance times of the subjects 'were found to divide them¬ 
selves into two groups in accordance with the mode of attack adopted. 
The performance times of the individual subjects Aj B, C, D, and E, 
on each problem, aie given m Table 3 


TABLE 3 

Number Series Problems Solution Times in Seconds 


Piohlem 

A 

Group I 
li 

C 

Group II 

D E 

I 

4.3 

44 

27 

28 

23 

11 

40 

45 

29 

3.4 

29 

HI 

7 8 

87 

7 9 

21 8 

30 5 

IV 

57 

43 

42 

47 4 

23 6 

V 

U S 

63 

17 9 

27 8 

45 3 

VI 

60 • 

64 

87 

44 6 

16 3 

VII 

17 2 

21 0 

159 

138 4 

495 2 

VIII 

141 

20 4 

99 

106 0 

31 0* 

IX 

166 

92 

13 2 

134 8 

18 1 

X 

8 3 

114 

15 1 

31,8 

18 1 

XI 

14 8 

22 5 

11 7 

81 3 

214 

XII 

106 

150 

29 

37 

62 

XIII 

17 S 

29 8 

159 

23 6 

98 

XIV 

193 

31 1 

16 6 

10 1 

U 1 

XV 

Failed 

(960) 

613 0 77X3 

241.5 

423 0 


*Used either method from this point 


Although all subjects were given tlic same instructions, there was 
a sharp difference in completion times beginning with the third 
problem. Aj B, and C recognized that scries ns 1, 2, 3, 4- . . with 
an intervening constant, 5 D and E, however, found a secondary 
relationship in the differences of the successive digits, 4, —3, 3, 
—2, 2, —1, 1, —0, 0 and completed the series by adding 1, —1, and 
2 to secure the concct answers. They solved the problem in 21 85 
and 30.55 seconds as compared with 7.85, 8.76 and 7 95 seconds for 
A, B, and C Beginning each solution by finding the differences be¬ 
tween the successive numbers, D and E were markedly slower in per- 
foimance time up to and including problem VII, which they solved in 
138 4 and 495 2 seconds respectively as against an average of 14 5 sec¬ 
onds for Aj Bj and C E thereafter adopted the method used by group 
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I, seeking the component series directly m the presented material, and 
hei time scores fell to the general level of group I. 

Up to this time group I had been umfoimly superior Its simpler 
and less cumbersome procedure, however, proved quite inadequate for 
the solution of problem XV The fastest solution by a member of 
group I was 10 minutes 13 seconds, while A failed to find the solution 
in 16 minutes. D and E, on the other hand, solved the problem 
with little difficulty, in four and seven minutes respectively 

Summary Comparison of two small groups solving the same 
problems by difterent principles shows: 

1. Marked time superiority for the group using the more di¬ 
rect principle where that punciple was adequate for solution. In 
one case the problem was solved by this group in 6 per cent of the 
time required by the other group. 

2. Equally great superiority in other problems of the group 
using the other principle. 

3. Tliere was little change m methods of procedure during 
the test. The performance time of the various subjects on problem 
XV was largely determined by the piinciple of solution they used 
in the third problem. 

Conclusions. 

1 In this situation the chief determinant of the performance 
time was the general principle employed in the solution of the prob¬ 
lems 

2 There was a strong tendency to preserve unchanged any 
principle which leads to solution. 

3. Changes of principle did occur m cases where the old prin¬ 
ciple had proved inadequate. The written work indicates that £ 
altered his mode of attack after the first method had proved cum¬ 
bersome in the seventh problem. All subjects solving problem XV 
eventually solved it by usmg the group H principle of finding the 
intermediate relationships 

4. The results conform to those of Husband in his investiga¬ 
tion of methods used by human subjects in maze running He con¬ 
cluded that 

much of ihe high variability which has always characterized 
maze results was found to be due to the many different 
methods used in learning Bach method, as employed by 
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diRerent learneia has its own mean, with cases clustered about 
It (1, p 274-27S) 

He also found that the methods were carried over by the subjects 
into new tasks. 

Experiment 4 

In the experiments conducted up to this point wc have compared 
the difficulty of two tasks mechanically equal, but cxpenentially dif¬ 
ferent, and found that they became of equal difficulty, measured In 
performance time, as they became cxperientially equivalent Wc 
have conipaied the peiformance times of the same task by different 
individuals and have found that the performance time is largely de¬ 
termined by the subject’s mode of attack We have seen that this 
mode of attack is not peculiar to the Individual problem but is in 
conformity with general principles which govern the individual’s 
procedure in like situations and that the relative efficacy of tlicsc 
principles may vary with phenomenological changes in the task 

These indications, that differences in the difficulty of two me¬ 
chanically equivalent tasks are concomitant with phenomenological 
differences, appeared to require verification in a situation where 
comparison could be made not only between two groups experienc¬ 
ing the same task in different ways but between mechanically equal 
tasks expeiienccd in different ways by the same individual. 

Such a compaiison is made possible in the cancellation of the ma¬ 
terial shown in Figure 1. Of the 18 different symbols that appear 
m each block, five contain curved lines, five contain one or more 
right angles, five are triangles, and seven are miscellanous figures. 
The total number of symbols containing curved lines is 26; of lines 
containing right angles, the same; of triangles, 22 The cancella¬ 
tion of the symbols containing curved lines is mechanically equiva¬ 
lent to the cancellation of the figures containing riglit angles in the 
sense that both involve the same number of pencil strokes distributed 
fairly evenly over the same area. 

Part t 

Subjects. Eighty-eight students m a second-year undergraduate 
laboratory course acted as subjects m the first part of the experiment, 
which was conducted as a group test. 
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Procedtne. The subjects were issued mimeographed sheets of 
the material to be cancelled and were shown one of the three lists of 
symbols to be cancelled as shown in Figuie 1. List A consists of 

Cante/Zai/M Teit flaterto.1 

Q O (b a O /J' tisA-o V Ci 

^*01A ly^t^UiOiooA 

i^<=DO(bJ7 0 fc«Oa b'o 

(?C7oCi0,6 

V’A-LADaoV<?ti.WA Q OoO 
72t.9As 

fl. QOP'od)* C O ACi-IZCb 

13 0(h(JoA- D O&eoA 

E £k^b.t7^ 

Ftcvnei. 

five miscellaneous figures, list B of all the figures containing curved 
lines, and list C of all the figures containing nglit angles. After can* 
celling the required figures in the first block as rapidly as possible the 
subjects were asked to make a note of anything whicJ) had helped 
them to remember the symbols to be cancelled and were instructed to 
do the same for the other two lists, cancelling each list in turn until 
each had been cancelled in six blocks. Each subject timed himself. 

Remits. Forty (45 per cent) of the subjects reported that they 
discovered the principle "cancel all figures with curved lines” in 
performing task B Twenty-one others reported that they had used 
the concept "three circles, anj oval, and a ‘do-funny’ " in this task. 
The remaining 27 reported no principle 
The average performance time of the last trial shows a clear rela¬ 
tion between the concept derived and the performance times shown 
in Table 3/i 

Of the 40 subjects who recognized tlic task as the cancellation of 
all symbols containing a curved line, every one made faster time 
on the sixth trial than the average of the individuals who did not 
report any concept of the symbols. Conveisely, only one member 
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TABLE lA 

Average Performance Times, Task B , Last Trial 






Subjects slower Subjects faster 





than av. of 

than av of 


Pnncj pie 

F 

Seconds 

group 1 

group 3 

1 

(No concept) 

27 

41 6±I24 


00 

2 

(Three circles) 

21 

32 0±5 i 

S% 


3 

(All curves) 

40 

241±6 5 

0% 

50% 


of this "no concept” group was able to perform the task as quickly 
as the average member of the group deriving the principle. The 
subjects using the concept "three ciicles, the oval, and the pie" were 
mteimecliate to the other two groups in performance time, only one 
of the 21 being as slow as the average member of the "no concept" 
group and only two as fast as the average of the "curve concept" 
gioup 

The average superiority of 17.5 seconds which the "curves" group 
had over the "no concept" gioup is exactly equal to the average 
improvement made by all subjects on the first trials on which the 
concept was reported. The abrupt improvement occurring at this 
point may be easily tiaced in Table 4 Two featuies of tlie per- 


TABLE 4 

Median Performancc Times or Soojbcts Reporting tub Principle "Cancel 
All Curved Lines" 


F 

Trial 

reported 

1 

2 

3 

4 

S 

6 

15 

I 

S2 

50 

28 

22 

23 

20 

5 

2 

70 

^5 

29 

27 

2+ 

2+ 

3 

3 

53 

48 

32 

36 

27 

20 

6 

4 

62 

45 

43 

33 

32 

32 

7 

5 

60 

53 

55 

43 

30 

25 

6 

6 

52 

50 

35 

35 

+2 

2-f 


ExplaJiaUon 13 subjects reported that they had used the principle on the 
first trial The 5 subjects who reported using it for the first time on the 
second trial averaged 70 seconds for the first trial, 35 for the second, and 
29 foi the third 

formances of task D are at once apparent in this table the uniformi¬ 
ty of the performance time at which the principle is first reported, 
and the compaiatively small degree of improvement thereafter 
Among the subjects reporting the concept later than the first trial, 
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the average improvement on the trial immediately preceding the 
report was 17.5 seconds, the aveiage improvement on other trials 
was 3.4 seconds. 

Only 18 subjects reported the discovery of the principle “cancel 
all symbols containing right angles” m task C. Those who did were 
superior in this task to the 70 other subjects, who reported less 
inclusive concepts, or none at all: 


TABLE 4/1 

Average PERroRMANce Times, Task C, Last Trial 


Principle 

F 

Seconds 

Slower than 4 Faster than S 

4, (No concept) 

70 

43 7*14 1 

45% n% 

5 [‘Riglit angles’) 

13 

35 8* 9.2 

28% 55% 


No subject reported any inclusive concept for the symbol to be 
cancelled in task A. The mean final time for the 88 subjects was 
45 7±15.1 seconds Thus where no principle was icported there was 
no reliable dlftcrcnce in the peiformancc times of the three tasks, the 
final aveinges being 45 7± 15 1, 41.6± 12 4, and 43 7± 14 1 seconds 
for A, B, and C, The giaph in Figure 2 shows how similar was the 

CntitfUItTtOH JftiKt 
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course of improvement among these tasks. It is interesting to note 
in this ligtire the nature of the cuive winch describes the performance 
times of the 13 individuals who reported the ^‘curved line” concept 
at the end of their first trial Jn task B. It follows a course similar 
to that of the “no concept" curves but is faster throughout. The 
performance times of gioups who derived the “curved Hnc” princi¬ 
ple at a latter stage show a sudden drop from the higher to tlie 
lower level as the concept is repoited, as shown m Figure 3 


cgdctufmot* nsKB 
tltdian fitrfama^ite Tines 





, 5 



fIBUtiJf 3 

Summary, When three mechanically equivalent cancellation 
tasks were performed by 88 subjects the pciformance times of the 
sixth trial proved to be a function of the subjects' concept of the 
symbols to be cancelled. 

In the same task the concepts were effective in the order of their 
paisimony “Cancel all curved lines" was performed m an average 
time of 24.1 seconds; “cancel all circles, the oval, and tlie piece of 
pie” in 32 0 seconds; and the average time of subjects using all other 
methods was 41 6 seconds. 
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WJien two principles were equally parsimonious ("cancel all 
curved lines” and "cancel all figures containing right angles”) the 
principle involving the least perceptual differentiation m its use was 
the more effective by 24.1 to 35.8 seconds 
Patt 2. The symbol cancellation was continued by five graduate 
students with one or more tiials daily for a period of three months 
In addition to the tasks used m the group experiment these sub¬ 
jects also perfoimed task V, which was the same as B except that 
the square was substituted for the oval, making the principle “cancel 
all curves” inapplicable Task E, which could be performed by can¬ 
celling all triangles, was performed by all subjects until the concept 
had developed and tliereafter continued by only one subject. 

At the end of 90 trials the subjects were tested by being asked 
to cancel the required symbols from material in which the order of 
the symbols had been changed. 

Results. The results in general conform closely to those of 
the fiist section, Task B was, even after 90 tuals, the easiest for all 
the subjects who perfoimed the tasks in rotation. In the case of the 
one subject who performed both B and Ej the two tasks amenable 
to solution by the most parsimonious principles ("cancel all curves” 
and "cancel all triangles”), the performance times were almost equal, 
with B slightly superior The "cuives” could be judged on the basis 
of the bottom line, while more complete perception of the “triangles” 
was necessary since there were seveial other angular figures in the 
material 

D, differing from B in only one symbol, required about 25 per 
cent moie time for performance throughout While all subjects used 
the principle "cancel all curves” m task 5, the concept in D was 
“the circles, the squaie, and the pie” The perfoimance times of the 
subjects in Part I who had used a similar concept "the circles, the 
oval, and the pic” for task B had closely approximated the times of 
the group using the more parsimonious but perceptually more diffi¬ 
cult concept "cancel ail light angles” in task C All the subjects 
in this section used this "right angle” principle m solving C. and 
the close correspondence of performance times with those of D may 
be seen in Table 4 

In those tasks, B, C, D, and E, where general concepts of the 
group of symbols to be cancelled were derived, the individual per- 
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formancc times showed marked drops when the concept was rcpoited. 
B, G, and E offer the most inclusive and consequently parsimoniovis 
concepts, "all curves," "all light angles," and "all triangles"; and 
the perfoimance times weie in order of the peiceptual difficulty of 
applying tlic concepts • S, E, and G. 

It will be noticed that the performance times for task A, while 
showing a moie giadual late of diop, came by the twentieth tiial into 
the approximate level of tasks C and D Although the use of ex¬ 
plicit principles and concepts had greatly acceleiated learning at 
first it may be possible that in some cases the adoption of a static 
pimciple may "freeze" the peiformance and piohibit fuither progress 
Something of the soit may have occurred in Vincent's (3) experi¬ 
ment where the rats given visual cues made much gieatcr initial 
progress but were eventually excelled m pcrfoimnnce time by the 
animals wlio did not use visual cues and did not liave to slow down 
to watch for them 

The results of the previous experiments in this series had led the 
experimenter to anticipate this result To check this possibility one 
subject was not asked to Icain task A until he had completed the 
otheis. He was then told that it was not possible to dciive a com¬ 
pact, inclusive concept of the task A symbols, but that lie could use 
any method he wished in learning the task. He determined to learn 
the location ot each symbol to be cancelled and m two weeks, ns 
shown m column A', Table 4, he had, by the aid of a rhythm he dis- 
coveied in the matcnal, reduced the time of cancelling- the 22 symbols 
to 3 6 seconds His best time foi task B had been 6 + When 
tested, liowevei, on the same mateiial m changed order his time for 
A rose to 26 5 seconds, while B was pci formed in 8 1. In A he iiad 
learned to mark certain locations, m D he had learned to cancel 
curved lines The learning m A was applicable to only one block 
of symbols, ihnt in B to any situation wlieie there were figures with 
curved hues 

All subjects, as shown by the peisistent omission of certain sym¬ 
bols, leained to depend partially on the spatial position of the symbols 
to be cancelled Judging by the comparative inci eases in time when 
tested on cancellation of new material, the dependence on location 
was much gieater in A, where no paisimonious principle of pei¬ 
formance was possible 
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Simmarv. Foui mechanically equivalent cancellation tasks were 
performed 90 times each by five subjects 

A list of symbols which could be cancelled by use of the principle 
"cancel all curved lines” was cancelled at least 25 per cent faster 
than the same list in which a square had been substituted for an oval 
to make perfoimance by the single principle impossible 

TABLE 5 


Symbol Cancbilation Mbdian Times of Five Subjects 


Trial 

A 

B 

Task 

C 

D 

A'« 

1 

46 6 

414 

56 0 

57 6 

25 3 

10 

357 

17 1 

28.S 

26 4 

14 3 

20 

20 5 

15 0 

20 0 

21 3 

13 3 

30 

169 

14 6 

20 3 

18 5 

96 

40 

165 

11 6 

US 

16 5 

87 

50 

153 

11.2 

164 

13 8 

6 6 

70 

13 3 

10 0 

142 

148 

46 

90 

12.0 

90 

128 

114 

36 

Test 

25 7 

139 

192 

16.4 

26.5 


•One subject only See test 


The task which could be performed by cancelling all curves was 
performed faster in all cases than the task which could be performed 
by cancelling all nglit angles. 

The relative difficulty of the tasks, measured either by Inituil rate 
of improvement or by speed m cancelling from new material, was 
determined by the degree of paisimony of the principles of pro¬ 
cedure and by the perceptual difficulties involved in their use. 


General Summary 

The results of the five experiments on human subjects which have 
just been described appear to warrant the following conclusions • 

1. Difference in difficulty between two mechanically equivalent 
tasks corresponds to a difference in the way the two tasks are ex¬ 
perienced (Experiments 1, 2, 4) 

2. Individuals solving problems use general principles and 
methods of procedure (Experiments 2, 3) which are modified ac¬ 
cording to the exigencies of the situation (Experiment 3). 

3. The relative speed of learning among mechanically cquiva- 
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lent tasks is determined by the dcgiec of parsimony of the principles 
required for performance, and by the perceptual difRculties involved 
m the application of these principles (Experiments 2, 3, 4). 

4. There are some indications that the greater speed of learning 
of tasks amenable to performance by parsimonious principles is also 
associated with gieater efficiency in delayed iec.all (Experiment 2) 
and, what may be the same thing, with greater transfer (Experi¬ 
ment 4) 

Accepting for the moment the validity of these conclusions, their 
implications for pedagogy arc unmistakable, Where, as in most edu¬ 
cational situations, the piime considciation is the acquisition of an 
adequate peifoimante m the shortest possible time, the comparative 
times necessary to bring two alternative tasks to the required stand¬ 
ard of performance aic of prime importance If it is possible to 
predict which of two equivalent tasks will be learned tlie faster It 
IS possible to predict how any task may be altcicd to accelerate 
mastery 

In the next section the validity of the third conclusion will be 
tested by applying it to picdictioii of the maze-runnmg performances 
of white rats 


References 

1. Husdand, R, W Analysis of methods in human maze learning / 
Genet Psychol., 1931, 39, 258-277 

2 Kohler, W, The mentality of apes New Yorf: Ilarcourt Brace, 1925, 
Pp viii4-342 

3. Vincent, S B TUe white rat and the maze problem J /Iiiiin Behav, 
ms, 5, I-Z4 

Utitveisiiy of ToioiHo 
Toronto, Canada 


LA DIFFICULTY RELATIVE DES TACHES MfiCANIQUEMENT 
YQUIVALENTES- I L’APPRENTISSAGE HUMAIN 

(Resume) 

On a fait ccitc ^tude dans le but (i'examiner exp^nmcntalement la 
ndcessit^ dea suppositions de la relation entre I'exp^iience et l’activit6 du 
type sugg^re dans les expressions 'possession', 'connaisaance profonde', et 
'moyens—buts—relations’ La methode g6nerale a compns unc £tude de 
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I’effet 8ur I’cx^cution dca diff^rencea empinqiiM entre les tachea qiii exigent 
line activitfi motrice iclentiqiie oh equivalente Avec unc rdponae motnce 
d'une sorts Equivalente il eat possible dc fjiire clea situations oii I’on peut 
controlcr d’autrea conditions ‘objectives' et comparer directement Ics dif¬ 
ferences dans I'exEcution ou dans le temps dc I’apprentissage avec les 
differences phenomEnologiques entre les taches 
Dans line s^rie d'expenenccs comprenant I’association controlEe, la 
memorisation des tnades de lettres, la completion de sErieg dc numEros, 
et la canceUsdon de symboJes il paraissalf que le temps neccssaire pour 
I’exEcution d’une tache a dEpendant dc la conception de la nature 
de la tache par le sujet, plus le prmcipc employe dans I'exccution a clE 
parsimonieux ct plus la diffErenciation perceptive eascntiellc ft son appli¬ 
cation a Etc manifeste, plus son cxEcution a Etc cfficnce. 

Snycc 


DIE RELATIVE SCHWIERIGKEIT DER MECHANISCH GLEICH- 
WEIITIGEN AUFGABEN I DAS MENSCHLICHE LERNEN 

(Referat) 

Dcr Zweek dicser Forschung war die experimentcllc Untersuchung der 
NotwendigikCit fui Annalimen nber das Erfaliiirngs-Tatiglfeitsverhaltnis von 
der Aft, die bcl Ausdrucken wie “Zngchoien ” “Einsiciit,” uneJ "Miltel-Ziel- 
vejhaltnissc" vorkommen Die allgemeine Metliode gcbraucht eine Untci- 
suthung der Wirkung der Erfahrungsujitcrschicde xwisclicn Aufgnben, die 
identi^clie oder gleicliweitige Motoitatigkeit vcrlatigen, auf die Lcistung 
Bei Motorreaktionen, die gleichwcrtig sind, ist cs mdglich, Situationen auf- 
zustellen, wo andcie “objektivc" Umstande konlrollieit und Unterschiede 
in der Leistungs- oder der Lernzcit uiimiUcIbar mit phanomenDlogisclien 
Unterscbieden rwischen den Aiifgabcn verglichen weiden konnen 
In ■ciner Relhe von Experimcoten iiber kontrollicrte Assoziation, das Aua- 
wendiglernen von BucKstabendreizahlen, Zatilreihenerganzung, und Sym- 
bolausstrcichung erschien cs, dass die notige Zeit ziir Ausfuhrung einei 
Aiifgabe von der VorsteHung der Person uber die Natur dei Aufgabe 
abbangt, je spai^amcr tier gebrauchtc Grundsatz in ilirer Aiisfiihrung und 
je aiigenacheinhcher die Wahrnehmungsuntcrscheidung, die zu de^sen An- 
wendimg notwendig ist, desto wirksamei ist ihre Leistung. 


Snycc 



THE RELATIVE DIFFICULTY OF MECHANICALLY 
EQUIVALENT TASKS II. ANIMAL LEARNING* 

From the Department of Psychology, VntaiersUy of Toronto 


Donald Snygq 


In the first section of tins investigation (6) an attempt was made 
to examine experimentally the necessity for assumptions of experi- 
ence-actir-ity relationslupa of the tvpc implied m the expiessions 
"belonging,” "insight,” and “mcans-cnd-rclations ” The mctliod 
involved the presentation to human subjects of tasks requiring iden¬ 
tical or equivalent motor activity With the motor i espouses equiva¬ 
lent it IS possible to eittribute differences in amount of pcrfoimance or 
in learning time to phenomenological differences between tlie tasks, 
and thus to examine objectively the experience-activity relationship 
Undci such conditions it was found that ihe time required for per- 
foiinancc of a task was dependent upon the subject's conception of 
the nature of the task The more parsimonious the principle and 
the more obvious the perceptual diffcicntiation essential foi apply¬ 
ing it, the more complete the pcrfoimance in terms of tlie criteria 
used, 

As a general thesis applicable to the whole field of behavior of 
learning, the conclusion suffers from the narrow field m which it was 
derived The tests m general were of an abstract type icqunmg 
a minimum of motor activity. Will tlie hypothesis piove valid in 
the learning of motoi activity bv animals? In tlie following section 
It IS purposed to test the validity of the hypothesis in maze learning 
by white rats 

Mazes 

Tlie mazes used m the following experiments were tcn-scction 
modified Waiden U-mazes (3), the individual sections having built- 
in floors and being fitted with a tongue at the exits and groove at the 
entrance for easy shifting All sections were identical except that 
the interiors of the sections used »n the visual mazes rvere painted 

•Recommended by E A Bolt, accepted for (lublication liy Carl Murchison 
of ihe Editorial Board, and received in the Editorial Office June 1, 1935 
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wliite on one side and black on the other, the dividing line running 
down the wall and floor directly in the middle of the entrance The 
other maze sections were painted black Since ten sections were 
used in all cases all paths were of equal length and number of turns 
Doors to prevent retracing were used only at the startmg-box exit 
and the food-box entrance 


Procedure 

The animals used were purchased from a local dealer and were 
five to seven weeks old when the experiments were begun As a pre¬ 
liminary training the animals were fed In the food box of the maze 
for five days. During the experiments two runs were made each 
day at an inteival of nine hours. The animals were allowed to 
feed two minutes m the food box and weie then removed to the feed¬ 
ing cage. No food except lettuce was supplied m the home cage. 

The ciitenon of learning was thiee eiioiless runs in four consecu¬ 
tive trials. The placing of both front feet into a blind alley was 
scored as an error. 


Experiment 1 

What IS the comparative difficulty of n maze constiucted on a 
visual pciciciple (correct path black, blind alleys white) with a con¬ 
ventional maze of identical pattern and dimensions? 

Mazes, Maze B: a Warden U-maze of the standard LRRRLL- 
RLLR pattern (3, 8) 

Maze B-PF: An identical maze with the blind-alley half of each 
section painted white. 

Subjects Two groups of white rats, 13 in each group The 
groups were equated for weight and theie were six males and seven 
females in each group 

Prucedure, Group 1 was run in maze B and Group 2 in maze 
B-PF for 45 trials each The groups were then interchanged, Group 
2 being run in maze B for 45 trials and Group 1 in maze 
B-W for 30. 

Results 1. The maze constructed on the visual principle was 
learned the more rapidly by seven and six trials as compared to 45 
and 34. 



MECHANICALLY EQUIVALENT TASKS. II. 


323 


TABLE 1 



Mediae trial 
ieaincd 

Range 

Number Percentage 
learning (earning 

F astest 
time 

Ma7e B 

Group 1 

34 

14- ? 

7 

54 

74 (43) 

Group 2 

4-5 

3- ? 

7 

5+ 

7 4 (26) 

Maze D-If' 

Group 2 

7 

5-17 

13 

100 

7.0 (26) 

Group 1 

6 

3-17 

11* 

100 

7 2 (10) 


*Two animals died near Che end of the runs in B. 


2. All animals learned the B-ff^ maze within 17 trials while 
only 54 per cent learned the B maze in 45 trials. 

3. The percentage of perfect runs in maze B after fulfilling 
the criterion of learning was 55 5 for Group 1 and 61.8 for Group 2 
The corresponding percentages in B-fF were 91.8 and 93 4. 

4. In maze B-JV all animals had made nine perfect runs out 
of 10 consecutive trials by the 24th trial In maze B only 20 per 
cent of the animals were able to reach this standard by the 45th 
trial. 

5 Performance time of the rats m the B-PF maze, although 
approached bv the rats in the B maze, remained superior to the end 
of the experiment 

6 In 5>pite of the fact that the two mazes were spatially iden¬ 
tical, only one animal fiom each group was able to run the second 
maze on the first trial after 45 luns in the first maze In both cases 
the performance time of these animals increased about four times. 

7. Of five surviving animals in Group 1 who had learned 
maze B, only one was able to run it without error two weeks after 
completion of the runs in maze B-W. The others made three, 
four, five, and seven errors respectively 

8 Of the 13 animals in Group 2, seven made errorless runs 
m B-W two weeks after completion of the runs in B. 

Dtsctissioii The objective lesults of the experiment agree very 
closely with those of Vincent (9) except that the rats in the B-W 
maze remained throughout superior in performance time and made 
fewer errors than the animals m B It is likely that this difference 
in results is due to the different position of the visual cues in the two 
experiments In the present expenment both the black and white 
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were visible to the rat while he was still at some distance from them 
and he was consequently able to make his choice without slowing his 
pace as appears to have been necessary in the Vincent maze. This 
greater prominence oi the visual cues m the present maze may also 
account for the gieatei accuracy of the animals in maze B-W Three 
of the 14 rats who "leained” maze B subsequently “forgot” it while 
the percentage of correct choices foi cither group ;n never fell 
below 99.6 aftei the 20th trial. 

Sumviary When two comparable groups of rats were lun m two 
spatially identical mazes, one of which was constructed on a visual 
pjinciple, the group in the maze amenable to solution by derivation 
of a principle was superior in speed of learning, peiformance time, 
and retention. 

When the same group was run in both mazes, the performance in 
the maze constructed on the visual piinciplc was superior. 

Experiment 2 

In the preceding evpeninent the maze constructed on the simple 
visual piinciple proved markedly easier to learn than the standard 
maze of the same pattern Two questions at once arise: 

<7. To what extent may the learning of the maze have 

been affected by a natural prefetence of the animals for dark pas¬ 
sageways^ 

b The animals in the 5-^ maze had, through the spatial iden¬ 
tity of the two mazes, the same possibilities for learning as the animals 
in the B maze, with the additional aid of the visual distinction be¬ 
tween correct path and blind alleys Would the learning take place 
faster than in the standard maze if animals in the visual maze were 
forced to rely upon the visual principle alone? 

To find an answei for these questions 26 rats were lun for one 
trial in a standard LRRRLLRLLR pattern maze in which the 
correct pathways were painted white, the blind alleys black. On 
the basis of their performance in this trial they were divided into two 
equivalent groups. One group was trained in the test maze, which 
was designated as the W-B constant-pattern maze or W-BC. The 
other group was trained in a maze constructed of the same sections, 
on the same W-B principle, but with the pattern varied accoiding 
to the flip of a com for each tiial This was the W-BV {W-B 
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variable-pfittern) maste Both mazes were made up of the same 
sections and in every case contained the same number of right and 
left turns. 

Although the usual procedure was as described above, for pur¬ 
poses of comparison the variable group was run in maze J^-BC every 
tenth tual On the llth and 31st tnals both groups were run m 
a mirror image of the W-BG maze 

Results 1 In the fiist trial in the W-B mazes the animals 
were correct on only 38 per cent of the choices the first time the 
choices were made In B-Pf^, 62 per cent of the choices had been 
coirect and in B, 40 per cent. This would appear to indicate an 
initial preference for the dailcer pathway 


TABLE 2 




Median tual 
learned 

Itange 

Pcrccntngc 

learning 

Fastest 

time 

Maze 

If'-DC 

7 

5-11 

100 

wBBBm 

Mnze 

W-DV 

10 

6-21 

100 

WmOSSl 


2 Maze W-DC was, m spite of this initial preference, learned 
as quicklv as D-PF had been. PF'BC was learned in seven tnals 
with a range of five to 11, B^PF in seven with a range of five to 17 

3 Maze PF'BC was learned earliei than PF'BF but both 
were learned much faster than B had been. 

4. Comparison of the constant and variable groups in the same 
maze is shown in Table 3 


TABLE 3 



Median 

C 

time 

V 

Perfect 

C 

runs 

V 

Median 

C 

errors 

V 

Mfl7e PV-DC 

Trial 1 

3+0 0 

319 0 

0 

0 

20 

19 

10 

82 

80 

11 

7 

0 

0 

20 

6 + 

80 

13 

10 

0 

0 

30 

73 

7 1 

12 

11 

0 

0 

ff'-BC reversed 

11 

160 

10 4 

1 

8 

2 

0 

31 

188 

82 

2 

10 

2 

0 


The group trained in the varuble maze was only slightly inferior 
in accuracy and appioximately equal m performance time to the 
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constant-pattern group when tested in the constant maze. It was 
markedly superior in other mazes involving the common principle 

Summmy. Two comparable groups of rats were trained in two 
mazes constructed of the same sections and on the same W-B visual 
principle. When the gioups were compared m the constant-pattern 
maze the animals trained in that maze were somewhat superior 
in accuracy. When compared in mazes of other patterns the group 
trained in the variable-pattern maze was markedly supenoi. 

The group tiained m the constant-pattern maze fulfilled the 3-4 
criterion of learning at the seventh trial, the variable-maze group at 
the tenth 

Cojiclnsions. 1 In spite of a considerable difference m incidence 
of wrong choices on the first trial, there appears to be no significant 
difference in the difficulty of mazes constructed on light- and dark- 
path principles. 

2 A pure visual-discrimination maze with a variable pattern 
IS only slightly more difficult to run accurately than a constant- 
pattern maze constructed of the same units; and the individual runs 
are made in approximately the same time. 

3. Animals in the W'BC maze depended partly on visual dis¬ 
crimination and partly on pattern. This was true to a lesser degree 
in the W-BV maze. 

Experiment 3 

In the previous experiments mazes constructed on simple visual 
principles were learned in fiom one-third to one-sixth the number 
of trials necessary to learn standard mazes of the same pattern. 

Will the same ease of leaining be found in mazes constructed on 
parsimonious spatial principles? 

Procedure. Nine animals were trained m a ten-scction maze of 
LLLLLLLLLL pattern; that is, the correct path is always to the 
left. 

Results. 1 The criterion of learning (3-4) was satisfied at the 
sixth trial The range of the group was from four to six, with no 
animal making an eiror after the third tiial. 

2. Even on the first trial no errors were made beyond the 
seventh section. 

Discussion The median trials lequired foi learning are quite 
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closely in line with those acquired for learning mazes of the same 
length and number of turns constructed on simple visual principles 
(Experiments 1, 2). The extreme shortness of the range, how¬ 
ever, is interesting in view of the findings of Kreciievsky (4), which 
suggest that rats show somewhat greater readiness to adopt spatial 
than visual hypotheses. 

Experiment 4 

Tlie distinction between "principle” and “perceptual difficulty” as 
determinants of the degree of difficulty of mechanically equivalent 
tasks docs not mean that they arc to be thought of as independent of 
or unrelated to one another, since the chances of any one “principle” 
being used at all depend upon tlic pcrccptvial difficulties of applying 

It 

To illustrate the point let us consider the mazes RELLLLLLEL 
(i21-L9) and LLLLLLLLLR (L9-R1) Both are the same 
leiigtli and contain the same number of right and left tuins To a 
human subject the simplest adequate directions arc “aiouncl the cor¬ 
ner and keep to the Ictt,” and “nine sections left and then right " 
The difference is not in the parsimony of the statements but in the 
perceptual difficulties of carrying them into effect. The first in¬ 
volves the perceptual differentiation of the maze into two parts, the 
second demands its differentiation into ten sections, the first nine 
individually distinguished from one another by tlie verbal designa¬ 
tions “one, two . nine.” 

Since the differentiation necessary for the deiivation and use of 
the piinciplc adequate for perfoimance of J?l-L9 should be possible 
m less time than the moie complete differentiation necessary for the 
solution of L9-R1 (1), it should be expected that human subjects 
will leain the foimer maze more quickly than the latter. 

With rats the difference m difficulty between the two mazes would 
be accentuated since the pimciple of solution of maze L9-Jil involves 
a mechanism of verbalization which they cannot command. If the 
results of Spragg (7) are applicable to this situation, the Z-9-R1 
maze should be practically insoluble by rats Spragg ran four rats 
for 100 trials in a Walton U-maze of RRRRRRRL pattern and 
found that none of them was able to master the piobicm. 

Suppose, however, that a visual sign oi cue is placed in the en- 
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trance to the tentli section of the L9-R{ maze. There Is now the 
possibility of solution by derivation of the principle "left to the 
sign, then right"; and, if our postulates are correct, the chances for 
such a solution will increase with the size or impressiveness of the 
visual cue. 

We now have two mazes, R{-L9 and L9-R\, amenable to solution 
by what we may designate as principles of the second degiee of 
parsimony (to distinguish them from the unitaiy principle adequate 
for maze LIO in the last cxperinncnt). Although these two mazes 
do not differ in parsimony of principle they do differ considerably 
in the manner in which the principles are applied In view of the 
reported tendency of rats to use spatial cues, which will be adequate 
m and inadequate in L9-R1 (2) we should predict that .Rl- 

L9 would be slightly more difficult to master than the more par¬ 
simonious Z.10 and that the difficulty of L9-R1 would vary above 
this limit with the charactei of visual cue used. 

The experiment was carried out simultaneously with Experiment 
3 to allow comparison with the results of LIO. 

Mazes L9-R\, no apparent differential cues except a piece of 
white crayon laid in the entrance to the blind alley in section 10 
R1-L9, no apparent differential visual cues 
Subjects. Nine white rats chosen by lot simultaneously with the 
animals used in the previous experiment were run in each maze. 
Unfortunately one of the animals m L9-R1 died eaily m the ex¬ 
periment so the results of this group are for eight animals. 

Procedure. The amount of crayon placed in maze L9-R\ was 
varied beginning with the 31st trial, as indicated below 


TABLE 4 



Trial 

learned 

Range 

Fercentnge 

learning 

Best time 

Trials 

run 

Z.I0 

6 

4- 6 

100 

68(6) 

10 

R1-L9 

6 

5-18 

100 

63(8) 

20 

L9-RI 

41 

24-69 

100 

7.3(54) 

80 


Results. 1. Since R1-Z.9 was learned in a median of six trials 
with a range of five to 18, and LIO in six with a range of four to 
SIX, the difficulty of R1-L9 was, as had been expected, only slightly 
greater than that of LIO Both appioximated in difficulty the 
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\inuary-visual-principle mazes investigated m the eaiHer experiments. 

2. X9-J21 was learned moie slowly and was never run with 
any degree of consistency by any animal. Although all animals 
passed the criterion of three perfect runs out of four consecutive 
tjials, none passed a nine out of 10 criterion. 

3 During the first 30 trials in X9-^l the percentage of perfect 
runs for each five trials was 12, 2, 5, 18, 25, and 12 The number 
of pieces of crayon in the cue position was then increased to 10 
and the percentage of crroiless runs rose to 28, 38, 43, 53, and 60, 
In the succeeding runs one piece of ciayon was removed at the end 
of each run Duiing this peiiod the perfect runs stood at 50 and 
55 per cent The percentage did not fall at once upon tlie exhaustion 
of the crayon, for the percentage on the next five trials was 57. 
It then diopjicd to 28 and 25 per cent, at which point the experi¬ 
ment was discontinued 

Experiment 5<7 

In the previous experiment, in which two mazes amenable to solu¬ 
tion by equally parsimonious piinciples were tested by comparable 
groups of white rats, one maze proved decidedly more difficult to 
master than the other. On the basis of our hypothesis such a differ¬ 
ence must be accounted for by the peiceptual difficulties of discover¬ 
ing or applying the postulated parsimonious principle. If this is 
true there are two ways in which it should be possible to teach the 
difficult L9-RI so that it might be Icaincd in as short a time as the 
“easy’' maze 

The possible methods of decreasing the difficulty of the percep¬ 
tual task are: (<?) incie-ise the size or vividness of the feature of the 
situation whose perception is necessary to solution, and (A) train 
the learners in other situations where the perception and recognition 
of similai signs arc necessary. 

Due largely to the accident that the only animals immediately 
available m the laboratory were four young rats who had been used 
in a motion picture demonstration of the B-PP^ maze described in 
Experiment 1, both methods weie used in the present experiment 
These animals Iiad run from one to five trials in the D-PJ^ maze 
whose principle was “avoid the white.” The maze now used was 
the L9-RI pattern, as used in Experiment 4, except that the last 
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blind alley was painted white as in the visual mazes reported in 
Experiments 1 and 2. 

Results The maze was learned in six trials with a range of 
four to six. 

Gonclustons The greater difficulty of maze L9‘Rl in the previ¬ 
ous experiment when it was learned only after 41 tiials, as against 
six in the present experiment, was due to lack of perceptual promi¬ 
nence of the essential cues. 

Experiment 5b 

Was the peiformance of the animals who learned the L9-R\ 
maze so readily based upon the pattein or the principle of the maze^ 
Although the rapidity of learning is almost enough to dispose of the 
first possibility without comment the question was answered by 
running the animals in an X10-/21 maze on the 7th trial and in 
an L8-.R1 maze on the 8th. In both cases the last section had a 
white blind alley All four subjects ran the maze without error 
m each case. 

Changes m the spatial character of the maze did not interfere 
with performance so long as the piinciple on which the maae was 
constructed remained unchanged 

Experiment 5c 

It does not necessarily follow, however, that the principle used by 
the teacher in planning a problem is the one used by the pupil in 
solving It. This lesson, learned in Experiment 3, Section 1 (6), 
was again impressed upon the experimenter by the behavior of the 
animals in the maze LS-R2 in which they were placed at the next 
trial. This maze, in which the ninth section had the white blind 
alley, was constructed by the experimenter on the principle, “Cor¬ 
rect path to the left, then right at the white section ” If the 
animals had derived this principle they should have lun the LS-R2 
maze without error Only one of the animals was able to do this; 
the other three turned left again at the tenth section. Two of 
these pushed and clawed at the door at the end of this blind alley 
for several seconds in a manner eloquent of confidence in the cor¬ 
rectness of their choice. Their behavior conformed to the principle 
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“left but stay off the white,” which would have been quite adequate 
for all the mazes they had run up to that point. 

After further training in the L^~R2 maze, in wliicli the criteria 
of learning were satisfied in five, 13, and H trials by the three ani¬ 
mals who had erred on the first lun, three of the four animals ran 
the maze i8-^3, also constructed on the “left to white, then right” 
principle, on the first trial The animal who had run the LS-R2 pat¬ 
tern without erioi from the first trial was the one who made the 
only mistake 

At this point the group had made 23 runs in five maze patterns 
all based on the principle “left to the white, then right.” This prin¬ 
ciple also governed the construction of the maze with the crayon cue, 
used in the Experiment 4 maze. When t)ic rats used in the pres¬ 
ent experiment were placed in the Experiment 4 maze iL9-Rl) all 
made errorless runs on the fiist tiial, then 24tli in mazes con¬ 
structed on this “left-sign-right” principle In the same evening 
only three of the eight animals in the Experiment 4 group, then in 
their 43rd trial in this maze, made errorless runs 

In spite of this successful run on the fiist trial the four animals 
were not able to repeat it on the next. The difference in the char¬ 
acter of cue used at the crucial section thus had its effect, not on 
the first but on the following trials The performance of these 
animals fell to the approximate level of the Experiment 4 group, 
already reported, and it was not until 20 trials later that the initial 
record of 100 perfect runs was equalled. 

Sumniaiy, Four rats weic run in mazes, all constructed as fol¬ 
lows i the correct choice was always to the left until a white surface 
was encountered. From there the correct choices were to the right 

After mastering an L9-J?l pattern all the animals were able to 
run L10-i21 and LS-R\ mazes without enor on the first trial. One 
of the four was able to lun an LS-R2 maze without error on the 
first tiial. 

After mastering LB-R2 maze, three of tlie four ran an L8-R3 
maze without enor on the first trial. All were then able to run 
without error an L9-RI maze in wliich the cue for a change in direc¬ 
tion was a pile of white crayon instead of the white surface. This 
performance, made on the first tiial, was markedly superior to that 
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of animals who had been trained in the test maze, and to their own 
performance in subsequent tiials in the same maze 

Summary 

Eight comparable groups of white rats were trained in one or more 
ten-section Warden U-mnzes. With three errorless runs in four 
consecutive trials as the criterion of learning, mazes constructed on 
simple visual or spatial principles were learned in only 17 per cent 
to 29 per cent as many trials as the standaid maze of the same num¬ 
ber of sections 

1. Mazes in which the correct pathway was lighter or darker 
than the blind alleys were learned m seven tuals as against the 34 
trials required for the standard maze of the same pattern (Experi¬ 
ments 1, 2). 

2. A variable-pattern maze constructed on the simple “light 
patliway” principle was learned in 10 trials (Experiment 2) 

3. The maze constructed on a parsimonious “all left*' principle 
was learned m six trials with a range of four to six, while the RLL- 
LLLLLLL “riglit, left” principle maze was learned in six trials 
with a range of five to 18 (Experiments 3, 4). 

4 A putatively insoluble maze (LLLLLLLLLR) was learned 
in 41 trials when crayon was placed in the entrance to the last 
Wind alley; and m six trials when the last blind alley was painted 
white (Experiments 4, 5). 

5 When a group of animals was trained in five mazes con¬ 
structed on the principle “left to the white blind alley, then right" 
the behavior in each new maze was in accordance with principles 
which would have been adequate for the solution of all the mazes 
rum up to that time (Experiment 5b) 

6. Animals trained in a number of mazes constructed on the 
same principle were much more successful in running other mazes 
constructed on that principle than were animals whose training had 
been confined to one maze (Experiment 2). 

Conclusions 

The hypothesis that the relative difficulty of two comparable tasks 
ia determined by the degree of parsimony of the principles used in 
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their perfoimancc and by the perceptual difficulties involved in the 
application of the piinciples is adequate for the prediction, of the 
relative difficulty of the eight mazes investigated. As applied to 
mazes of equal length and number of choices it may be stated • The 
relative difficulty of two maze patterns composed of spatially equiva¬ 
lent units is (leteriTifned by the number of changes in procedure 
necessary for errorless performance and by the perceptual piomincnce 
of the cues which indicate whcie the piocedurc must be changed. 

Tins principle is not only adequate to explain differences in the 
nuinbei of trials required to run our own mazes but is very well 
illustrated by the results of Montpellier (5). His mazes in which 
the correct choice was always to tlie right, falling under our clas¬ 
sification of the most parsimonious pnnciple, were learned in 7 5, 5.6, 
and 8.0 trials icspcctively His maze 1, involving n slijft in proce¬ 
dure from simple to double altcination, required more than 15 trials 
with the most frequent errors occuiiing m the section wlicre the 
change in procedure was necessary. 

A decreasing incidence of error as the goal was approached in the 
simple principle maze is cited by Montpellier as evidence for the 
goal-gradient hypotlicsis. We would rather regard it as due to the 
selection by some of the animals of an adequate procedure before 
the later sections are reached even for the first time In oui LLL- 
LLLLLLL maze the errors made at the successive sections on the 
first trial were; 

Section 123456789 10 
Eirors 522524300 0 

There is not only a decrease m the incidence of wrong choices as the 
goal was approached foi the fir»t time, but m the last three sections 
the correct choice was nmdc on the first attempt by every one of the 
nine rats in the group The animals, in cxploilng the earlier section 
of the maze, selected procedures which enabled tlicin to make the 
correct clioices m the last tlirec sections the first time these sections 
were entered. Since these animals had never reached tlic food-box 
the phenomenon is not backward elimination or food-box condi¬ 
tioning It IS rather analogous to the forward determination found 
by Wees (10) m the reproduction of narrative material by school 
children, in which the function of each s.ucces'^ive item of the origi- 
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nal was limited and defined by the tenor of the preceding items 

Just as the possibilities of the narrative were increasingly limited 
and defined by each new item, the possibilities of the maze were 
narrowed by each successive section until every animal had selected 
an adequate procedure. 

In general) those mazes where the adequate procedure might be 
based on the general character or principle of the maze were learned 
much faster than those where the performance must be pertinent to 
individuated features of the maze 

General Conclusions 

The results of these experiments, together with those of experi¬ 
ments on human subjects (6), appear to warrant the following con¬ 
clusions. 

1, The diversity of difficulty among mechanically equivalent tasks 
is concomitant with phenomenological differences among the tasks. 
Tasks experienced as equivalent are performed with equal facility; 
tasks experienced as different are performed m different times. 

2, The degrees of difficulty of two mechanically equivalent tasks 
are in the same relation as their experienced complexity The rela¬ 
tive speed of learning is determined by the experienced simplicity of 
the procedures required for perfornnance and by their peiceptual 
practicability. 

3, When an individual, rat or human, is confronted with a task, 
he shows an activity which might be described as the selection of 
a procedure for its performance. 

4 The general procedure he .adopts is determined by his initial 
perception of the nature of the problem; it is a gross response to a 
relatively undifferentiated situation Problems experienced as simi¬ 
lar are attacked by similar procedures In the present investigation, 
the tasks constructed upon single parsimonious principles, and thus 
amenable to peiformancc by these immediate responses to the grosser 
aspects of the problem, were mastered in a fraction of the time le- 
quired for the learning of tasks whose performance necessitated be¬ 
havior specific to vaiious segments of the situation, 

5. Should the first pioccduie, the response to the gross situation, 
prove inadequate, the task is differentiated perceptually into seg- 
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ments each of which may be solved by simple procedures The 
greater the number of sub-problems mto which the task must be 
differentiated and the greater the difficulties of this differentiation, 
the longer will be the time required for mastery 
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LA DIFPICULTIi RELATIVE DES T4CHES Mi5CANIQUEMENT 
ISQUIVALENTES- II. L'APPRENTISSAGE ANIMAL 

(Resume) 

Dans la premiere section dc cettc etude il painissnit que Ic temps n6ces-'' 
saire it I’cxecution d’une tache a dependu dc la conception dc la nature de 
In tnehe par le sujet plus le pnncipe empIoy6 a ft6 parsimonieux ct plus In 
diff^renciation perceptive essentielle A son application a cti manifesto, plus 
l’ex6cution a efHcacc 

Cette hypothise s’est monlree satisfaisanle pour In prediction exactc de 
la difficult^ relative chez fes rats blanca de huit formes diverses dcs laby- 
nnthes U de Warden h 10 sections, Les labynnthes construits scion de 
simples principes visuels ou spatiaux tcls que "vrai pnrcours toujoura blanc" 
ou "vrai parcoura tou)ours i gauche," lesquela ont etfe ains; ouverts i 
I’exdcution par un seui procfdf, ont appna en de 6 d 10 6preuves; en 
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contraste avec lea 34- et 45 ^preuves n^Cflasaires k deux groupea pour 
apprerdre ie labyrlnthe "^talon*' de la meme longueur et du meme norabre 
de tournants Une autre foime, supposiment insoluble^ par les rata, a 
appria par un autre groupe en 6 ipreuves quand la preeminence du rep^re 
a ete augmetitce Selon Pctptclation, les iSchcs cxigeant dcux procedea pour 
rexkiitioti ont d’une difBcuUe intermWinire entrc les tilches d’lin procdde 
SGul et celles de procedea multiples. 

Snycc 


DIE RELATIVE SCIIWIERIGKEIT DER MECHANISCH GLEICH- 
WERTIGEN AUPGABEN II DAS TIERLERNEN 

(Referat) 

In dem ersten Tell diesei Untersiicliung crscluen cs, dass die notige Zclt 
zur Aiisfuhning einer Aufgabe von der Voratellung der Person uber die 
Natur der Aufgabe abhnngt je sparsamei der gebiauchte Grundsnt? und 
je fiugenscliemliclier die Wahrnchmungsuntcrschcidung, die 7u dessen 
Anwcudung notwendig ist, dcsto wirksaroex die Leibtnng 
Diese Hypothcae zeigte sich hinreichend zum genauen Voraussagen der 
relativen Schwiengkeit bci weissen Ratten von acM veischicdenen Mustern 
von zehnteiligen Warden U-Labyrinthen Die Labyrinthe, die nach cm- 
fachen Geslchts- oder Raurogrundsaizen gebaut wurden, z,D “der ncbtige 
Weg Iramcr weiss" oder “der ricluigc Weg immcr nach links," die auf 
di«e iveisc der Leistiing dnreh efn cinzcliies Verfahren olfen waren, 'wurdcti 
in von 6 bis 10 Proben im GegensiiU zii den 34 und 45 Proben hemeistcrt, die 
von 2 wei Gruppen zum Lcrnen des “Standardlabvnnths" deraelbcn Lange 
und Anzahl der Biegungen erfordert wurden Em andcrea Muster, das 
angeblicli unlosbar fur Ratten ist, wurde in 41 Proben gelcrnt, wenn eine 
optlsche Ililfe in den richtigen Teil dcs Labyiintlis gcstellt wurde, und cs 
wurde von emer anderen Gnippc in 6 Proben gelcrnt, wenn die Sichtbar- 
keit der Hilfe vermehrt wurde. AU erwartet wurde, lagen die Aufgaben, 
die zwel Veifahren zur Ausfuhnmg erforderten, zwlschen emzelnen und 
vielfaclien Verfnhrenaufgaben an Schwierigkeit 


Snycg 



THE ASSOCIATION VALUE OF THREE-PLACE CON¬ 
SONANT SYLLABLES^! 

From the Psychological Laboratories of the lusltlute of Human Relations, 

Yah Unwersuy 


Louise R. Witmer 


This study was an attempt to construct a new material for use 
m memory expeiiments, in which tlie units consKt of three con¬ 
sonants each instead of the usual two consonants separated hj- a vowel 
A survey of the list of "consonant syllables,” however, showed that 
there wcie several units which wcic meaningful as abbreviations, 
symbols, or words with the vowels omitted* HCL, BLW, FSH. 
Tlic {list step in the standardization of the material appeared to he 
the elimination of all meaningful combinations, and tins icsearch 
was an application of Glaze’s (5) method to classificnlion of con¬ 
sonant syllables by association value 

Since pronunciation of syllables has commonly been replaced by 
spelling of tlic letteis (9), consonants offer many possibilities Ovei 
5000 such combinations can be made, and so the experimenter may 
compose many test lists without the necessity of repeated items 
The absence of a vowel lessens the similaiity to words, and the fact ' 
that tliey cannot be pionounced also decreases mcaningfulncss 
Ebbinghaus, in his classic study, "Memory” (2), introduced the 
nonsense syllable, which he supposed to be a mme liomogeneous 
material than poetry or prose because of its meaninglessness. Non¬ 
sense syllables were composed of a vowel or a dipthong between 
two consonants and were pionounced as a word He did not attempt 
to discard the meaningful combinations but claimed that they were 
very lare, "scarcely a few dozen” in a total list of 2300 Such 
material was championed at once because it lent itself to a large 

"Recommended by Edward S Robinson, accepted by Carl Muichison of 
the Eclitorml Board, and received in the Pditortai 0/fice March 14, 1935 
^Thjs woik was done at the Psycliological Laboratories of the Institute 
of Human Relations and presented to Yale University for the degrei* of 
Master of Science The writer wishes lo acknowledge her indebtedness to 
Dr. £ R Hilgard for his suggestion of the problem and hi^ criticism and 
encouragement throughout the investigation 
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number of combinations which were thought to be quite com¬ 
parable and could therefoie be measured mathematically. 

Almost fifty ycais have passed since Ebbmghaus made his contri 
bution, but few Improvements have been made in the original foimula, 
His assumptions were accepted without expet imcntal proof, and 
many workers carefully prepared lists of syllables according to defi¬ 
nite principles for use in their research Mullei and Schumann (12) 
composed over 2000 nonsense syllables m Geiman, but they too 
included the monosyllabic words Meaningfulness concerned them 
only when two succeeding syllables in a senes made a word or 
phrase, as, for example, IVeib-hch or gib-mu, and all such se¬ 
quences were ruled out when the lists were constructed Gamble 
(4) made the following comment upon their lists* "In a set of thirty 
German normal series of eighteen members each, with no syllable 
duplicated, the writer can find only fifteen Geiman words (2 8 per 
cent of 540), including dialect words and all verb foims," She 
constructed a similar list of English syllables and found that 86 
were words or slang and 59 moie were phonetic spellings, 145 in all 
or 26 8 per cent 

Kjerstad (7) studied the form of the learning cuive with non¬ 
sense syllables, digits, and words and found least negative accelera¬ 
tion in the curve for digits. This was explained, he thought, by 
the fact that digit units are more homogeneous and hence more 
equal in difficulty, whereas the first syllables to be learned arc tliose 
which are easiest because meaningful Some number groups were 
easy for some individuals because they resembled familiar dates, 
street numbers, or post box numbers. He also used a few groups 
of three consonants in his study, and the curve approached that for 
numbers in that it showed less initial rise.^ They requiied more 
repetitions for learning than either syllables or numbers The 
factor of greatei difficulty may be deduced from the assumption of 
less meaningfulness of consonants and that of less negative accelera¬ 
tion from greater homogeneity of the material. 

Cason (1) published a list of 300 nonsense syllables from which 
he had eliminated all those with difficult pronunciation and those 

“He does not discuss the method of constructing groups of consonants 
The data foi learning of this material are based on one subject and 12 
syllables 



ASSOCIATION VALUE OF CONSONANT SYLLABLES 


339 


winch Iiad been judged meaningful by several “qualified persons ” 
Tile lesultant list was extremely meager, and he still found “about 
half of the syllables in a large dictionary.” By requiring syllables 
that were easy to pronounce, he omitted much of the best nonsense 
material 

The first experimental attempt to study meaningfulness of non¬ 
sense syllables was made by Glaze (5) He prepared all possible 
combinations of two consonants with a vowel between, using Y both 
as a vowel and as a consonant. From this group all English words 
were omitted The remaining list of 2019 syllables was piescnted 
tachistoscopically (and spelled bv the expetimentci) to 15 un¬ 
dergraduate students with instructions to indicate what meaning 
each had, if any Tlie syllables were classified in 16 gioups accord¬ 
ing to their “association value.” Thus, a syllable to which each 
of the 15 subjects lespondcd was judged to be JOO per cent mean¬ 
ingful, and one winch jcccivcd only seven responses was given 46.7 
per cent association value The 0 per cent syll.iblcs were those 
for winch no subject icportcd meaning BAL, DIF, and WIL arc 
examples of meaningful material and GIW, KYH, and TOV of 0 
per cent value. There arc lOl syllables which have no association 
value, and those of 50 per cent or less total 1046 The mean of his 
distribution is 7 48 responses per syllabic, or 50 per cent association 
value, and the sigma 4 53. Though it is obvious that the 16 groups 
aie not reliably difterent, it is probable that the 93 33 per cent and 
the 53.33 per cent syllables are leliably diffeicnt, as are the 46 67 
per cent and the 6 62 per cent syllables, because the difference is 
2 44 times the standaid deviation in both cases 

McGeoch (10) compared listsof nonsense syllables of 0 per cent, 20 
per cent, 47 per cent, 53 per cent, 73 per cent, and 100 per cent asso¬ 
ciation value for difficulty of learning when studied for periods of 
60 and 120 seconds by the method of complete picsentation The 
recall scores showed a positive relation between increase in amounts 
learned and increase in association value, although there was no dis¬ 
tinction between the 47 per cent, 53 per cent, and 73 per cent groups. 
Three-letter words were found to be less difficult than syllables. In 
an unpublished study by Melton (11) lists of syllables from Glaze’s 
0 per cent, 47 per cent, and 100 per cent categories were learned by 
the anticipation method Ease of learning increased with greater 
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association value as shown by the number of trials requued for mas¬ 
tery and also bv the jecall scores. 

By varying the technique^ Hull (6) found important changes fn 
results which were reliably different fiom those of Glaze. The 
subjects were instructed to attempt to Icain by the anticipation 
method a list of nonsense syllables winch was piesented to them 
three times, pronouncing each syllable as a word while studying it 
If any syllable brought to mind some association, they vvere asked 
to tell the experimenter, but they were cautioned not to seaich out 
meanings deliberately Hull’s subjects found the material much less 
meaningful, the average association value by his method is only 21.3 
per cent The differentiating factois seem to be (1) the pronun¬ 
ciation of the sjdlablcs and (2) the fact that the pioblem of memori¬ 
zation v^as uppeimost m the subject’s mind. 

Krueger (8) studied the relative difficulty of 2183 nonsense 
syllables for 200 people by piesenting the material orally to small 
groups of students. Each item was spelled twice by the experi¬ 
menter, and the subjects had seven seconds m which to write down 
any meaning which occuired to them. He arranged the syllables 
in 200 lists according to the number of lesponscs received Such re¬ 
sults point out the fallacy of Ebbinghaus’ assumption of the liomo- 
geneity of nonsense syllable material. 

Seues of singie consonants have been used successfully 6y Robin¬ 
son (13) in a study of ictroactive inhibition He presented lists 
of eight consonants by tlie memory-span method, in which the first 
four represented the ouginal list and the second four the inter¬ 
polated activity of the conventional expeiiment Degrees of simi¬ 
larity were adjusted by vaiying the number of letters common to both 
series. With other methods of learning (foi example, anticipation 
or reproduction of the material learned) that require long lists or 
large numbers of units, single letters, like digits, must be repeated 
too frequently. By using groups of three or more consonants the 
number of items is tremendously incieascd 

Technique 

Since consonant syllables arc to be used in investigations of 
memoiy, a test of then meaningfulness should duplicate as far as 
possible the methodology of such experiments The technique em- 
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ployed by Luh (9) was chosen as a guide because his methods arc 
generally accepted for such work His apparatus was a lotating 
dium on which typewritten lists of nonsense syllables were affixed 
so that one unit would be exposed at a time Finkenbinder's (3) 
anticipation method was anployed, and the subjects weie instructed 
to spell each syllable aloud letter by letter The time of exposure 
for each item was two seconds- This problem of the tunc interval 
has been a difficult one, and investigators aie not yet agreed as to 
the relative meiits of shorter and longci exposures Since subjects 
are usually instructed to attend to the syllable at hand and not to 
attempt to reheaise the list, a two-sccond interval is commonly used 
Thus, the appaiatus, the method of picscntation, tl\c time interval, 
and the spelling of Ictteis are the important features to be paralleled 

The appaiatus for this experiment was a rotating mcmoiy drum 
modified by the addition of a second cylinder some distance bclund 
tlic dium to permit the use of long bands of m<itcrial, so that they 
w'ould not have to be changed during one sitting The drum was 
turned mechanicnlly by a constant speed motor. A small aperture 
m the screen which covered the dium permitted the subject to sec 
one syllable at a time and could be adjusted horizontally by the 
experimentei. The letters were typed on licavy white paper in 
Gothic capitals 4 by 6 mm m size. Conditions of illumination were 
kept constant by the use of electric liglit rather than daylight 

The material included all possible combinations of three con¬ 
sonants, subject to certain restrictions. Besides the vowels, the let¬ 
ters Y and V weie also omitted, the former because it is sometimes 
used as a vowel and the latter because it resembles the old English 
U and might therefore be given a vowel sound. This leaves 19 
consonants with which to work. The same letter was never used 
twice m one syllable nor were two letters which occur next to each 
other in the alphabet Thcie were 4534 consonant syllables in the 
final list The lists for the experiment were an.ingcd so that the 
same letter was not repeated twice m three succeeding syllables nor 
given the same position in four 

Each syllable was exposed for four seconds ® This long interval 

^Gla^e allowed a maximum of 3 seconds, but if the subject responded 
before that time the next syllable was presented immediately The move¬ 
ment of his drum was made by hand, and he says that the “minimum time 
was not less than 2 seconds” 
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was chosen for two reasons. Fiist, in a pieliminary study in wliich 
the subjects were not required to respond within a limited time but 
could take as much or as little time for each unit as they wished, the 
average time pei syllable was 4.2 seconds Secondly, in memory 
experiments the list to be learned is presented several times so 
that associations might occur on a later repetition, and hence it 
seemed advisable to use a foui-second interval The matciial was 
divided among six sittings, each of which lasted about an hour and 
Included two rest periods. These six sections of the material were 
counterbalanced, as were smaller divisions within the hour periods 
Two experimental periods never occurred on the same day, and more 
than one day sometimes intervened 

Subjects were instructed to watch the aperture and to spell the 
syllabic aloud letter by letter as soon as it appeared, because it was 
suspected (and later piovcd by results) that the sound of the let¬ 
ters might suggest associations which would not occur simply from 
their appearance.^ They were then to state m a word or phiase 
what the letters meant to them, if anything. If the syllable seemed 
familiar, but its meaning could not be stated quickly enough or 
could not be recalled, it was permissible to say, "Yes.” If the syl¬ 
lable had no meaning, no lesponse was necessary. Subjects were 
told that the expeument was In no sense a test of their abilities, and 
that It was not necessary to force an association for each letter group 
In spite of this caution, several subjects admittedly "made a game” 
of finding some response for every item, no matter how distant the 
association The writer acted as experimenter nnd Wiote down the 
responses exactly as they were given, A preliminary trial was given 
in which each subject was shown a list of fifteen common three- 
letter abbreviations, words, and meaningful groups, none of which 
were to be found in the experimental material 

The subjects were 24 men, of whom 15 were undergraduates of 
Yale College or the Sheffield Scientific School and had never par¬ 
ticipated in memory experiments Of the lemaming nine, two were 
instructors and the others graduate students in the Depaitment of 
Psychology of Yale Univcisity 13y using more subjects than Glaze 
(15) it was hoped to secuie more reliable differences between degrees 

^Glaze spelled the syllables aloud for his subjects The above change 
was made because It more nearly approximates the learning situation 
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of meaningfulness of the data All subjects were given the Higher 
Foim of the Otis Self-Administeiing Intelligence Test and the 
Binct'Simon vocabulary test The intelligence scores fell in the 
upper 25 per cent of college norms with extreme crowding at the 
uppei limit of the scale. Vocabulaiy scores ranged fiom 13,000 to 
18,000 words with the aveiage .it 16,000. The ages of the sub¬ 
jects weie distributed fairly normally from 17 to 29 years 

Results 

The first step in treatment of the data involves classification of the 
syllables accoiding to the number of lesponses given to each, thus 
making 25 lists of syllables i.ingmg from zero to 24 responses, or, 
using Glaze’s terminology, from 0 per cent to 100 per cent asso¬ 
ciation values. The 24 subjects gave a total of 47,102 responses 
Only 11 of tlic syllables had no meaning for any individiirrl and ten 
weie meaningful foi everyone Between these extremes arc found 
all degrees of association value in a distribution definitely skewed in 
a positive direction The average number of responses per syllabic is 
10 39 and the sigma of the distribution is 3 77. The mean for 
Glaze’s syllables is 7 48 responses and the sigma 4.53. In other 
words, an hypothetical aveiage nonsense syllable has an association 
value of 50 per cent whereas the consonant syllable has an average 
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FIGURE 1 

Consonant Syi ladles Compared with Nonsense Syllabi cs tor 
McANiNorof ness 

The curve for nonsense ayllablea was drawn from data presented by Glaze 
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association value of 43 per cent. Since the latter aic more than 
twice as numerous as the former, only those of 50 per cent meaning- 
fulness or less may be used and a conveniently laige number still 
remain (3138). Such treatment cuts the mean association value to 
29 per cent. Figure 1 shows the distribution of Glaze's nonsense 
syllables and consonant syllables with lespcct to meaningfulncss. 

A more minute division of the responses may be made by classify¬ 
ing them in terms of their association with one, two, or three letters 
of the syllable, since meaning gives unity and therefore ease of learn¬ 
ing to the group. Responses which weie associated with the only one 
letter of the syllabic were ignoied in both this and the above classi¬ 
fications Those remaining were divided according to two- or three- 
letter associations. For example, DSK (desk) is a three-letter 
response whereas XPS (postscript) and KFN (fan) are two-letter 
associations. Glaze does not mention this pioblom of partial asso¬ 
ciations specifically, and if they do not occur with nonsense syllables 
this may indicate a fundamental difference between the two materials. 
He does, however, describe one subject who “seemed to pronounce 
any word that came to mind, which, by the greatest stretch of the 
imagination, could be only remotely associated with the syllable 
in many instances “ In the case of the nonsense syllable Che com¬ 
bination of a vowel and consonants gives it the form of a word even 
though meaningless, but three consonants do not occur often as a 
unit, especially in the English language, and are therefore more likely 
to be broken up into two-letter gioups Fifty-nine per cent or over 
half of the total number of responses weie associated with only two 
letters. Such classification is of necessity a subjective one, for the 
experimenter cannot always be sure of what the subject had in mind 
when a word was given In general, all correct, phonetic, and re¬ 
versed spellings with the three letters are included in three-letter 
responses, and that group is the preferred classification m doubtful 
cases 

The two-letter responses are of two kinds, abbreviations, and 
words formed by combining two of the consonants with other let¬ 
ters The first class contains MSJ (manuscript, MS) and KMD 
(doctor, MD), wliile the second is composed largely of monosyl¬ 
lables like ZND (Ned) and QDL (dcil). 

Figure 2 presents the comparative distribution of these two kinds 
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PlGURU 2 

DISTRIBUTION or TiiREP-LmcR And Two-Lfttbr Rcsi’Onsfs tor Syi ladles 
OF EACH Association Vaiue Above Zino 

of responses It is intciesting to note that the means of the two- 
Icttci and tlircc-lcttcr responses are quite distinct (8 99 and 13.50 
responses icspcctively). Apparently those syllables which are high 
in association value icceiVcd very few two-letter responses, hut when 
tile subjects could find no three-letter responses they fell hack on 
partial associations The distiibution for three-letter responses ap¬ 
proaches tlie noimal curve .with slight negative skewness, and the 
two-letter curve is more noticeably skewed in a positive diicction. 

A tabulation based on a random sample of 776 syllables showed 
that 27 per cent (from all degiees of association value) received 


TABLE 1 

Types op Associations and Their Distribution* 


Pei cent 

t 

Words formed by adding letters 

43 7 

2 

Two-letter associations 

31.6 

2. 

Pronunci.ition (phonetic spelling) 

12 2 

4 

Fcrson.il references (including famous people as well 

DB family 


and friends) 

56 

5. 

Geometric form 

29 

C 

Initials, symbols, abbreviations 

2.9 

7 

Sound of letters 

07 

8 

Foreign words 

0,5 


Total 

100 1 


*Thc author has no data on the total mass of material for these quali¬ 
tative distinctions, hut a prehminaj-y study with coarser techniques yielded 
the above results for five subjects and 2408 syllables Tlie figures are 
representative of the total if not exact 
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“Yes” responses, however, only 3 per cent received more than one 
such response and no syllable was given more than three. These 
replies were excluded in determining the meaningfulness of the 
syllables 

There are several classes of responses which are qualitatively dif¬ 
ferent. A very large percentage of the meaningful syllables are 
those which form woids when letters are added—WHP, DNT, 
FRM (whip, don’t, fiom) Another group, few in number but 
high in association value, is composed of initials of famous people, 
abbreviations, and symbols—GBS (G B. Shaw), RPM (revolu¬ 
tions per minute), and CMT (Citizen’s Military Training Corps). 
Some subjects are inclined to substitute letters of similai geometric 
form, such as O for Q, C, and G, and E for F—LQT (lot) and 
BFN (Ben). The style of printing used was extremely simple 
and consequently the differentiation of these letters by “cuilicues” 
and other common decorative Hires was lacking. There arc a few 
syllables which sound familiar when spelled letter by letter—LCT 
(Elsie) and KCT (Casey). Another large gioup of responses are 
prompted by phonetic spelling—QWD (quid), FCS (fix), and 
PHR (for). Most subjects gave a small percentage of personal 
Initials, but these were not included in the computation of associa¬ 
tion values because they have no general significance Undoubtedly 
this Is one source of error in the material. There are also a few 
responses gained by reversing letters—HTM (them) and TLB 
(table). 

Differences between the number of associations found by individual 
subjects are very marked Some responded only to those which 
were obviously meaningful, and others attempted to find some asso¬ 
ciation, no matter how far-fctchcd, for every gioup of letters. It 
is in this latter group that most of the two-letter responses are 
found, as well as those concerned with only one letter, which, as has 
already been stated, were not included in the scoring. Two sub¬ 
jects gave no partial responses whatever, and when questioned at the 
end of the experiment one said he had consciously excluded all 
associations which did not fit the syllable as a unit; the other stated 
that no such responses occurred to him. There is no correlation be¬ 
tween the number of responses and the intelligence and vocabulary 
of the subjects. There might have been less variation if the in- 
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structions had explicitly required associations to a part of the syl¬ 
lable as well as to the entire unit The piactice list included no 
syllables in which only two of the letters were meaningful. Both of 
these metliods were rejected because the experimenter did not wish to 
suggest associations or methods of looking for them Finally, such 
individual difkeiences do not invalidate the experimental results 
because they remain constant throughout the entire list In all 
probability these forced associations would be infrequent m a memory 
experiment where attention is directed to a different task and the 
subjects are warned to avoid mnemonic aids to learning The 
vacations in tlic results of Hull and Glaze have been attributed 
in part to the modified technique of the foimcr. In the experiment 
here reported, as in that of Glaze, the subjects were looking for 
meaning. Also, experienced subjects soon tram themselves to avoid 
associations 

The reliability of the difference between syllables of any two 
association values may be computed by the formulas for the stand¬ 
ard error of a proportion and of a difference 

CTp — -/ ^ 

The sigma of the proportion (the percentage of association value of 
any group of syllables) is equal to the square root of the percentage 
of responses (/>) times the percentage not responding {q « 100 — p ), 
divided by the number of cases-—24 possible responses. The re¬ 
liability of tile difference between any desiicd pair of association 
values may be found in Tabic 2 in terras of the critical ratio between 
their obtained difference and the sigma of their difference. Any 
ratio over 3.0 is considered significant If it is desired to have two 
lists reliably different they should be chosen so that nine degrees of 
association value intervene or so that they differ by 37.5 per cent 
association value Tliis is the minimum estimate for lists near the 
50 per cent point However, reliability increases as one approaches 
the ends of the scale so that 0 per cent and 29 17 per cent syllables 
are reliably different, also 75 per cent and 100 per cent. At the 
limits of the distribution it will be nccessaiy to combine several 
groups in order to have a working number of syllables In this case 
the average association values must be determined and their critical 
ratios found in the table 
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Summary 

1. Twenty-four subjects weie asked to give the meaning, if any, 
of 4534 three-place consonant syllables, which were picscntcd singly 
on a mcmoiy drum foi four seconds each. The association value of 
each syllable was detcimincd on the basis of the percentage of re¬ 
sponses Those which were judged meaningful by all subjects weie 
said to have 100 pei cent association value, and those to which no 
subject responded were grouped at 0 per cent with all the intervening 
possibilities scaled bclween these limits The mean association value 
is 43 per cent and the sigma 16 per cent. The distribution is posi¬ 
tively skewed The syllables are listed in Table 3. 

2 Theie were more associations to tavo than to tliicc of tlie 
letters, but such responses were more common to the lelatiVely mean¬ 
ingless items. In Ollier woids, they represent a failure on the part 
of the subject to find meaning in the entire item 

3 A comparison of consonant syllables with nonsense syllables 
as classiiied by Glaze shows that the two types of material have very 
diiTerenc distributions His syllables are almost evenly divided into 
16 groups of meaningfulncss, while consonant syllables more closely 
approach the normal curve 

4 The individual variations in total number of responses were 
found to liave no con elation with intelligence oi size of vocabulary, 
as measured by the Otis Self-Aclmimstering Intelligence Test and 
the Binct-Simon Vocabulary Test for superior adults. 

5. A difference of 37.5 pei cent association is the maximum re¬ 
quired for reliably different groups Critical latios between all pairs 
of association values have been computed and presented 

6 The advantages of this material as a supplement to the usual 
nonsense syllables arc' 

a 4534 units aic available 

b. The material is less meaningful than nonsense syllables Its 
mean association value is 43 per cent as against 50 per cent for non¬ 
sense syllables. 

c. There are 3138 consonant syllables witli an association value 
of not more than 50 per cent, this group is still larger than the total 
number of nonsense syllables and the mean association value has now 
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TABLE 3 

Association Vai ue or Consonant Syllables 


0% 

11 

4% 

48 

8% 

84 


13% 

127 




17% 

184 


QJF 

BOT 

BHJ 

WBII 

BPJ 

QCZ 

XZK 

BFM 


QVV 

QLB 

XQN 

QJH 

CXJ 

BJH 

WBT 

BQF 

QD] 

XZL 

BIO 


SB 

QLN 

XSB 

XFQ 

DJX 

CJQ 

WBQ 

CFJ 

QFX 

2BF 

BMP 


TO 

QWB 

XSG 

XJQ 

FHJ 

CJX 

WFC 

CFQ 

QFZ 

ZBG 

BQZ 


Xli 

QXG 

XTD 

XZF 


CQH 

XBJ 

CGT 

QGC 

ZBH 

BWF 


zi'” 

oxz 

XZG 

ZGJ 

GJQ 

CXQ 

XDH 

CGP 

QlIF 

ZBQ 

CJZ 

J 

CBH 

OZK 

XZM 

ZJF 

GJX 

DHJ 

XFH 

CGQ 

ois 

ZC(J 

CQZ 

KBP 

RDM 

ZDJ 

ZJQ 

GQC 

DIB 

XFS 

C|H 

QMVV 

ZDH 

CSF 

KFX 

RJX 

ZDL 

ZQJ 

GQJ 

DTQ 

XGC 

cor 

OWJ 

ZDW 

CWH 

KHB 

SDH 

ZFH 

ZXJ 

CQX 

FCJ 

XGQ 

CXK 

QXF 

ZFC 

CXF 

KHF 

SGJ 

ZFM 

ZXQ 

GXK 

FJH 

XHF 

DJW 

QXII 

ZFW 

CXII 

KHQ 

STH 

ZFX 


GXM 

FJQ 

xiir 

DJZ 

QXL 

ZHK 

cxz 

KQM 

SXH 

ZGB 


HFC 

FQW 

XIIM 

DXT 

QZB 

ZHX 

CZJ 

KQW 

TCZ 

ZGQ 


TFH 

FQH 

XJH 

Flic 

QZH 

ZKG 

DIH 

KWQ 

TGJ 

ZJB 


KHX 

FXQ 

XQG 

FPC 

UZJ 

ZKII 

DJS 

KXN 

TIP 

ZJL 


KQF 

GCO 

XZD 

FPW 

QZM 

ZLC 

DQH 

ICXll 

TTQ 

ZJN 


KQX 

QIC 

XZI 

FQC 

SBQ 

ZMC 

DWB 

ICZX 

TZW 

ZJW 


KXB 

GQB 

zcf 

FOJ 

SBZ 

ZMX 

FCQ 

LJF 

TZX 

ZICB 


MIIZ 

GXC 

zcx 

GCX 

S|F 

ZQC 

FJC 

LJX 

WBN 

ZICX 


MZJ 

GXQ 

ZFK 

GCZ 

SZJ 

ZOG 

FJS 


mu 

WC[ 

ZLJ 


QGT 

HBI 

ZGW 

GKX 

TFT 

ZOH 

FJW 

MBW 

wcz 

ZLQ 


QHJ 

HFIC 

ZHW 

GOK 

TFO 

ZOS 

FPI 

MBX 

WGP 

ZMF 


QXB 

HJC 

ZJC 

GX| 

TJW 

ZtF 

FQK 

MGQ 

Will 

ZMJ 


QXJ 

TFO 

ZJT 

HC] 

TZF 

z'rj 

FWJ 

MHF 

WOB 

ZMW 


QXN 

JQF 

ZJX 

HJX 

TZQ 

ZTX 

FWQ 

MQB 

wzc 

ZNW 


XBQ 

JXF 

ZQX 

HKM 

WBF 

zwi 

GKQ 

MWF 

XBD 

ZPB 


XFJ 

JXQ 

ZST 

HXF 

WCF 

ZXQ 

GKZ 

MWZ 

XBH 

ZQL 


XfB 

KFQ 

ZSQ 

ICF 

WCQ 


GXZ 

MZQ 

XBM 

ziij 


XIF 

KQB 

ZTK 

JFC 

WQll 


G2B 


MCF 

XBZ 

ZSF 


XICH 

KQH 

ZWQ 

JFN 

WZQ 


GZK 


NFB 

XCZ 

ZTW 


XMJ 

KOZ 

zxc 

JQZ 

XBF 


GZQ 


NPB 

XDF 

zwc 


XQF 

KXC 

ZXH 

|XB 

XBN 


HBM 


NOF 

XDL 

ZWF 


XQH 

KXD 

ZXK 

JZH 

XCJ 


HCZ 


Nns 

XFC 

ZXD 


XQT 

KXH 

ZXR 

KBF 

XDJ 


HFJ 


NQX 

XFM 

ZXL 


XQL 

MHT 


KFZ 

XFK 


HFM 


NZK. 

XGT 



XTJ 

MH\V 


KMF 

XFP 


HJF 


PJF 

XHC 



XZQ 

MJF 


KXQ 

XFZ 


FIWC 


PTZ 

XPIQ 



ZBJ 

MWB 


KXZ 

XGK 


HXB 


PXB 

XJL 



ZFJ 

MZB 


KZF 

XGP 


IIXJ 


PXH 

XJP 



ZFQ 

QCF 


KZG 

XGZ 


HXQ 


PZVV 

XJS 



ZGX 

QDX 


KZH 

XfC 


HZW 


0C| 

XJZ 



ZHT 

QFC 


KZS 

XKB 


IBP 


QCM 

XKF 



ZJH 

QFH 


LCF 

XKQ 


JDF 


QFJ 

XKG 



ZQB 

QGW 


LHJ 

XNZ 


JDH 


OFK 

XKR 



ZQF 

QGX 


MCF 

XMZ 


JDW 


OFS 

XICZ 



ZQW 

QIIN 


MFH 

XQB 


JFM 


QHX 

XIJ 



ZXB 

Qjc 


MHB 

XQD 


JIIC 


OIB 

XLZ 



ZXF 

OLT 


MOT 

xsz 


JIIF 


OIM 

XNJ 




081 


MWJ 

XTG 


JHW 


OIW 

XNQ 




TZH 


QBJ 

XZC 


JQH 


Ujx 

XQM 
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TABLE 3 {Continued) 



BF/ HBF MBQ RWH XRII BFP FXK JCZ NIJJ RJL XKD 

BFQ HBX MCJ RWJ XRJ BFX fXZ JDT NFC RJP XLC 

BFZ HJL MFB RXF XSJ BGQ FZU JI-W NFJ RMF XLG 

BTS HJQ MFP RZj XTF BIG FZH JGQ NI'L RMJ XLH 

BQD HJW MFX SFf XZB BfW FZM JIIB NFX lUVF XLR 

BQH HKB MJW SFM XZII BIX FZW JQX NKR SBG XMB 

BTP HWB MWQ SJZ XZN BMT GBQ JSW NLX SBX XMF 

BWJ HVVF MZC SZK XZS BPX GCM JTB NQG SDII XMH 

liWQ IIWQ NFQ TCF ZBX BXF GCS JIW NVVL SFII XMQ 

BXP inVZ NLQ TCJ ZCF BXfl GDQ JWB NXQ SFP XXP 

BZJ HZC NQJ TFM ZCP BXJ CJZ JWM NZG SGC XQS 

QZQ HZF NQK TFW ZCVV liXZ GJS JWP NZR SGVV XSF 

CFP HZQ NKQ TFZ ZDF BZP GK.B JWQ PBF SGZ XTQ 

CFX JBW NZX TJC ZOG liZW GKD jZN PJH StlJ XZP 

CJF JCM PBJ TJfr ZFB BZX GKM JZP VMW S!Q XZR 

CIS JCW PC] TjZ zm CFZ GKW KCF PWJ SJW XZT 

CJW TFS rjX TLP ZFP CGW GM| KDB PVVZ SZB ZBP 

CSJ FX PXr TLN ZfS CGZ GMX KDH PZF SZM ZBW 

CXP JFZ PXJ TQF ZGC CJG GNR Kl^Q PZII SZQ ZCO 

DBI JGC PX2 TZJ ZGK CKM GNC KFC ?ZJ PFH ZCS 

DHX jGP PZB WBK ZHC CMJ GPJ KFM PZK TFP ZDB 

DJF JHX QBF WBM ZllF CPJ GQZ KFN QBW TFX ZDT 

DJL ‘LC QBN WDB ZIIL C\VF GWB KGX QBX TJL ZDX 

DLZ JQC QDH WFB Z}D CVVJ GWQ KMZ QCH TlX 2FL 

DXK JQD QDM WFQ ZJP CWQ GXT KSF QCN TKZ ZGP 

FBI JOS QFM WGC ZJS CXS GZJ KSX QCS IQI ZHB 

FBM \VF QFN WGJ ZKM C7G HCF KSZ QCW IQM ZHQ 

FBX TXL QFVV W/Q ZKN C2Q IICX KTB QDF TZG ZJG 

FCM KBQ QGD WLJ ZKQ CZT IJFP KWF QDG TZIC ZJM 

FHW KBW QGK WPJ ZLG DBX IIFQ KXP QDK WBP ZKF 

FTP KFH QG2 WQC ZLR DFZ IIFZ KZC QDL WBT ZLB 

FPH KFS QdD WQF 2LW DHL IIJB LDU QDN WDK ZLS 

FPN KHC QHL WQJ ZMQ DIIW lIJN LFJ QGL WFH ZLX 

FQS K.M?1 QHW WQL ZPF DKQ HJS LJC QTIC WJF ZMK 

FQZ KMQ QJZ WSl* ZQD DLF HJT LJD QJG WJL ZNB 

FSJ KQC QKB WSZ ZQK DLX IIKQ LQT QJN WJM ZNQ 

FXB KXF QKII WZG ZSB DQL HKW LRP QKZ WQZ ZPG 

FZl KZB QRX Wzn 2SG DZF IIKZ LX] QLU WTK ZPX 

FZK. KZQ QLX XBK ZTD FIIK IIMC LZJ QMF WZM ZWIi 

FZP LCP QMK XCF Zl'Q THQ IINQ MBF QMJ WZP ZXM 

FZQ LCZ QWG XCG ZXS FIfX IIXL MF] QMX XBP ZXP 

GIW LTB QXM XDZ PJM IIXZ MKR QSF XCQ ZXT 

GKN LJH QXS XUZ ITZ HZG MQD QSL XCS 

GQN LJQ QZr X|M FKP JBG MQF QSW XDB 

GQW LJS QZVV XMC FKQ JBII MOZ QSX XDM 

GSQ LJW QZX XMG FKZ [UN MWC QWP XPB 

GSZ LNP RCJ XNB FNX JBQ MZF QZL XHK 

GWZ LSF RJW XNF FPB JBX MZW RGW XIIN 

GZN LZQ RKH XQC FPX JCN NCQ RlfK XTG 

G2W MBJ RLJ XQK IXJ fCQ NOW RJF XJT 
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TABLE 3 {Contmued) 


29% 


339 



BDF TDK HXK KZD NXL RZX XJD BDH DKII HFB KCG 
BHW F[B HXN KZM NXR SBM XJN BFH DLB HFW KCX 

BIIX FKB HXR K.ZN PBZ SBP XKM BFN DMX HJD KDT 

BHZ FKC I-TZK KZW PFH SDB XKN BFW DQI H[M KD\V 

BTF FKH JFP LBJ PFJ SGB XLN BGP DQS HJP KPP 

BTP FKM JHL LBW PFZ SGQ XLQ BHF DQW HKF KGP 

BMW FKW JHQ LCJ PGVV SJB XPf BJM DSW HKR KGQ 

BPN FKX JLH LDB PJC SJG XQZ BMG DWJ HLC ICHD 

BPW FMH JLQ LDF PJL SZC XTL BMII DXB HLJ KIIM 

BPZ FMJ JLX LFP PJW SZF XTN BMX DXF HLQ KMT 

BWP FMQ ILZ LGP PSX SZG ZCM BMZ DXH HMJ KMW 

BXK. FMX JMC LI-IB PXC SZM ZCN BPF DXL IISZ KMX 
BXM FMZ JMF LIIN PZC SZX ZDP BQL DZJ MWN KMZ 

BZF FPM JMH LHX PZX TDH ZDQ BWZ DZQ IIXP KRtI 

cm FPZ JNF LJG QBM TFC ZGS BZG FBQ HZf KSN 

CFM FQD JPF LRII QBZ TJC ZHM BZH FCH HZP KSQ 

CGK FQM JOB LSJ QCG TICF ZKC CFL FCW HZT KTM 

CKII FSQ JQN LWG QDB TLJ ZKD CFS FDQ HZX KTW 

CKN FWB JSP LWII QFD TQB ZKS CFW FHZ JBF KWC 

CKQ FWP JSG LXP QGB TQZ ZLH CGX FJX JBT KWG 

CNQ FXH JSQ LZC QGT TWB ZMG CJM FKS JBZ KXM 

CPX FXM JTF LZH QHB TZB ZMH CJN FMK JCG KZP 

CQF GBJ mi MBT QHK WBG ZNF CKF FMW JCH LBF 
CQW GCK JWC MBZ QjL WCM ZPC CMH FNQ JCR LBZ 

CSZ GCN JWH MCG QKF WCP ZPJ CMZ FQL JDL LCS 

CTJ GCW JXD MCQ QKM WCS ZPW CNP FQN TFB LDJ 

CWZ GJB JXG MCW QLG WDQ ZQM CPF FSZ jTFD LDP 

CXG GJL TXR MFC QLW WFM ZQN CPG FVVC JGB LDX 

CXM GPN JXZ MFW QMB WFZ ZRF CFM FWH JGT LHC 

CZF GPW JZC MGJ QMG WGB ZSW CPZ FWZ JGW LHD 

CZH GQL JZQ MHC QMH WGQ ZTB CQN FXP JLB LHF 

CZL GQS JZS MJZ QNF WHB ZTC CQX FZC JLF LHW 

CZX GSJ TZW MKF QNW WHJ ZTG CSQ GBM JWM LJP 

DFJ GSM ICBX MZP QSB WJC ZTL CSW GDW JNB LJT 

DIG GSW KCM MZX QZG WJG ZTM CSX GKP JNW LJZ 

DIM GXB KCQ NCP RGJ WJP ZWH CXL GKR JPC LNF 

DLH GZC KDF NDB RHF WLQ ZWP CXR GKT JQG LPB 

DLJ HBN KFW NDW RHJ WQG ZWS CZP GMX JQL LPF 

DLQ HCQ KGC NFP RJB WSG ZXN CZW GNP JQM LRB 

DQF HFS KMC NKB RJM WSJ DBF GNQ JRL LRJ 

DQIC HJZ KPW NKF RLB WZB DBG GNX JRP LSZ 

DXG HKP KQD NKZ RLW WZL DBQ GPZ JSC LXB 

DXP HKX KQN NLC RMC WZN DBW GQM JTL LXH 

DZH HNF KQS NLP RWC WZS DFQ GTD JWZ LZX 

FBII HNP KSB NPC RWZ XCM DFW GWC JXN MBD 

FBP HNX KTQ NQH RXB XCP DFX GXN JZM MBG 

FBZ HQX KWB NQW RXC XDP DIIK HBP JZT MBK 

FCIC IITJ KWZ NQZ RXT XDQ DMQ IIBZ JZX MFQ 

FCZ HWJ ICXG NXF RXZ XGD DIIZ HCW KBG MFZ 

FDB HXC KXS NXJ RZC XHB DJN HDM KBM MGB 
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lABLl^ 3 {Conuntitd) 

33% 38% 

con 391 

MJB PXL SQ2 WTP BDJ DWL HMF fCBS MGVV QBIC 'I’OT 
MJH PZT SX2 W2K. BDK DXQ IIMW KOV MHX QCX THL 
MJT QDW SZP WZT BGZ DZB HNB KCZ MfQ QDS TJM 

MJX QDZ SZW XBL BHL FBT HNJ KDZ MPB Ql'L TKH 

MQC QFB TDF XCK BHQ FB\V HNW KGB MPF QGM TNF 

MQG QGN TDJ XCN BJD FCP IIQL KflP MWII QKD TNL 
MQH QGS TDQ XDN BNP FDII IIQZ KHR MXJ QSD TQC 

MQIC QJD TFI3 XDS BNW FDP IISF KIIS MXZ QSM TQD 

MQW QKC TFK XGB BPM FDX HSN KIIW MZG QTX TQK 

MQX QLC TGB XGL BQG FllD HTB KNZ MZK QWD TQL 

MW QLF TGP XUD BQN FlIM IIWP KQG NBH QVVZ 7‘IVF 

MXB QLZ TGZ XLP BQW FHP IIWR KPB N13P QXK TWT 

NCEI QMZ TJD XNL BbP FIT HXD KQT NDP QZD TWZ 

NDP QNL TJG XPB BbJ FMC HXT KUZ NGB RBF TZM 

NDQ QSG TJP XPII BSX FNP IIZN KSVV NGJ BBJ TZP 

NDT QSM TICD XRL B'lQ FPR JBL KTF NICW RBX WCG 

NFK QWS Till XRP BWII FSB TCL KTP NLB RCW WDM 

NFS QXC TLQ XSD BZK FSP JCP KTX NPJ RFII WDP 

NGK QXD TLZ XTZ B2S FSW JCS KWR NPW RPK WFK 

NJH QZC TMF ZBK CFK FWM JCX KXT NPZ RGP WFP 

NJW RBH TNB ZDM CGM GBP JDQ ICZT NRZ RGX WJB 

NKC RBW TNW ZBT CIIJ GJD JGX LHP NSF RGZ WJT 

NLF RBZ TQir ZHD CJT GJM JGZ LBQ NSQ RHW WLB 

NLJ RCG TQW ZKP CKZ GKC IltD 3.BT NWC RLP VVLG 

NLll RCZ TWH ZKT CMQ GKS JIIM LBX NWQ RTF WLR 

NPF RHC 7'XJ ZMB CNX GMZ JHP LFB NWZ RWB WLZ 

NQB RHX TZC ZNL CP\V GPX JIIZ LFC NXD RXH WMB 

NQC RIIZ TZD ZRP CQL GQD MG LGB NXG RXL VVMC 

NOD RJC TZL ZRW GSN JMX LGW NXS RXN WNL 

NQL RKB WBD ZRX CQK GSX JNL LGZ NZT RZM WPF 

NRQ RLC WBS ZSD CQS GTK JNQ LHP PBS SOF WPH 

NRF RMW WCL ZSL CRJ GTM JNZ LHZ PF\V SCZ WRB 

NRL RPB WCN ZWG CSM GTW JPH LNW PFX SDQ WRF 

NRX RPJ WFJ ZWK CZM GWJ JPM LQB PHF SFC WSM 

NSX RPW WFN CZS GWP JPW LQG PJD SFL WZF 

NI’P RXJ WG2 DBP GXD JPX LQH PJM SFQ WZR 

NWB RXK WIIC DBZ GXR JRF LQZ PJT SIIZ XBG 

NWD RZF WTD DFII GXS JSD LSG PMG SMB XBT 

NXZ RZH WJS DFS GZP JSX LSW PMZ SNJ XDG 

NZB RZL WKF DHB HBK JTM LTB PNX SWQ XDK 

NZJ SBJ WKII DHF HCS Jl'P LWB PWB SXB XFL 

NZP SBK WLC DJP IIDJ Jl'X LWC PWG 5XG XFN 

NZQ SBW WNB DLN HDP JWD LWJ PWM SXIC XFR 

PBW SDZ WNJ DPG HFL JWR LXF PXT SXL XGS 

PCZ SGP WNQ DPK HFN JXC LXQ PZG SXQ XHR 

PGB SHB WPZ DPX HRC JXM LZG PZM SZL XHL 

PfB SJM WQK DSF HLB JZB LZS PZR TCX XHS 

PMF SIX WQS DSQ HLF JZG MCZ PZS TDK XKC 

PND SKQ WSQ DSZ IILW KBD MFK QBG TGL XKS 

PWH SMF WTJ DTJ HLX KBN MGP QBH TGM XKT 
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TABLE 3 (ConliHued) 





54% 

270 





58% 

242 


ZCH 

BDW 

DTZ J 

fGM 

MTP 

RDX 

WTG 

BDM 

FXD 

LWD 

PHR 

ZHT 

BHR 

DZG 

[LG 

MTX 

RDZ 

XBR 

BFD 

FXR 

LXD 

PKB 

ZLT 

BHS 

DZS 

[LR 

MWR 

RHM 

XCR 

BFL 

GCL 

LXN 

PKZ 

ZNH 

BLJ 

FBK , 

[LS 

MXC 

RRF 

XGR 

BGM 

GDB 

LZT 

PNH 

ZRG 

BPR 

FBL 

[MT 

MXP 

RNH 

XHT 

BHM 

GDL 

MDB 

PNL 

ZRM 

BPS 

FDN 

fND 

MZH 

RNL 

XLD 

BHT 

GMD 

MDF 

PSN 

2RN 

BRJ 

FKR 

[RB 

MZS 

RNX 

XPN 

BKF 

GQT 

MDK 

PRH 


BSW 

FLQ 

[RC 

NBQ 

RPG 

XRK 

BKH 

GSL 

MFT 

PSD 


BTK 

FMD j 

fRX 

NBW 

RWN 

XSP 

BLF 

GZS 

MGS 

PSF 


BTM 

FMT : 

SM 

NBZ 

RXD 

ZllN 

BLZ 

HDB 

MGT 

PSG 


BTZ 

FND ■ 

TC 

NDR 

SCG 

ZHS 

BNI-I 

HFD 

MIIQ 

PSN 


BWS 

FNR 

ws 

NGL 

SDM 

Z)R 

BPL 

HLN 

MTC 

PTD 


BWT 

FQT 

xs 

NIID 

SGL 

ZMP 

BQT 

HPC 

MKG 

PTT 


BXG 

FRX . 

CBT 

Nin 

SHC 

ZMR 

BQX 

HPD 

MKX 

PTK 


BXS 

FTL KHN 

NJC 

SIO. 

ZMT 

BSM 

HPT 

MPC 

PTX 


BZT 

FTM : 

tCNC 

NIG 

SLX 

ZPD 

BTN 

HPT 

MPG 

PWD 


CJR 

FTP ; 

[;pc 

NLS 

SMH 

2PR 

BWIC 

HOM 

MPH 

PWS 


CKG 

FTQ : 

KRM 

NPG 

SNII 

ZPS 

BWN 

HRP 

MQS 

PXS 


CKR 

FWR : 

KSD 

NPH 

SPF 

ZPT 

BXR 

HKX 

MRC 

PZD 


CMK 

FXL 

KSM 

NRC 

S2N 

ZRT 

CGN 

HSX 

MSP 

OLD 


CNII 

FXN 

KWP 

NSB 

TBF 


CHG 

H'l'M 

MSG 

QMD 


CNW 

FXS 

LBG 

NSG 

TBK 


CHX 

H’1’0 

MSZ 

QTC 


CPL 

GBL 

I,CO 

NSJ 

TBW 


CHZ 

HTZ 

MWT QTL 


CQT 

GBT 

LCX 

NSP 

I’DW 


CLII 

JGD 

MXG 

QTN 


CRF 

GCP 

1J>W 

NTI) 

TDX 


CNK 


[PT 

MZR 

OWL 


CRZ 

GDK 

LFW 

NTZ 

TGD 


CNL 


IRM 

NBF 

OWN 


CTP 

GDT 

I.FZ 

NXC 

TJR 


DGL 


|RT 

NCT 

RCN 


CTZ 

GMT 

T.NM 

NXP 

TI^ 


DKN 


[RW 

NFR 

RDB 


CXN 

GNZ 

T,PG 

NZH 

TMG 


DLR 

‘ 

[SH 

NGC 

RDF 


DGQ 

GPS 

LPr 

PBM 

TMR 


DMT 


ITO 

NGP 

RDL 


DHN 

GRT 

LPZ 

PDJ 

TNX 


DNP 


|WT 

NGS 

RFM 


DIIP 

GRX 

LOS 

PDM 

TNZ 


DNR 


KCH 

NHC 

RFX 


DJT 

GWL 

T.OT 

PDX 

TPM 


DNW 

ICCN 

NHIC 

RFZ 


DKR 

GZD 

LR.VV 

PFR 

TWO 


DSL 

KCT 

NJZ 

RHD 


DKZ 

HCN 

LSN 

PFS 

TXL 


DSM 

KNH 

NKG 

RHN 


DLP 

HDQ 

LTG 

PGC 

TXQ 


DWH 

KNW 

NPD 

RLT 


DLS 

tILZ 

LTP 

PIG 

WBR 


DXN 

KNX 

NQT 

RLZ 


DMK 

HPL 

LXR 

PKM 

WHK 


DZT 

KRB 

NRD 

RMG 


DMZ 

HQB 

LXZ 

PLR 

WJR 


FBS 

KRD 

NRT 

RPC 


DNB 

HQF 

LZN 

PMJ 

WKT 


FCL 

ICRN 

NTJ 

RTM 


DNJ 

HMD 

MFD 

PSZ 

WLP 


FDJ 

KRX 

NTK 

Rl’X 


DQG 

HMQ 

MGC 

PTF 

WNII 

FLH 

KTN 

NTX 

RWT 


CON 

PIMR 

MGK 

PWL 

\VNZ 


FMP 


KWH 

: NWR 

RZD 


CQT 

HNZ 

M|G 

QCT 

WPL 


FNH 


LBS 

PCG 

SBL 


DSG 

HSL 

MIS 

QFT 

WN 


FPT 

LCR 

PCL 

SCL 


DSN 

HTP 

MPK 

QHT 

WON 


FRJ 

LGC 

PCS 

SDL 


DTB 

HTR 

MRB 

QKS 

WRC 


FRW 

LND 

PCW 

SGM 


DTM 

. HTW 

MSW 

QNK 

WRII 


FTC 

LNC 

PDN 

SIIL 


DTP 

IITX 

MTB 

RBG 

WRZ 


FTR 

LPM 

PDS 

SKG 


DTX 

HWS 

MTK 

RDN 

WSD 


FWD 

LQC 

PHC 

SLF 
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TABLE 5 (Continued^ 


58% 

con 


63% 

195 



67% 

140 



71% 

U1 


SLN 

BFR 

GCT 

M'j 0 

SKZ 

BGS 

KTZ 

Rice 

BDL 

JMB 

RTH 

SLQ 

BGD 

GDN 

NBK 

SMQ 

BKW 

LBN 

RLF 

BGN 

JNR 

RWD 

SNC 

BGL 

GDR 

NCR 

SMW 

BLII 

LCT 

RPL 

BRF 

IRD 

SCIC 

SQH 

BGT 

GMR 

NDS 

SP| 

BLX 

LDS 

RTG 

BRL 

JWL 

SCM 

SQX 

BLG 

GWR 

NilB 

SPM 

BMS 

LGN 

R'I'L 

BRX 

KGR 

SCN 

SWB 

BLQ 

GZL 

NHF 

SPW 

BNT 

LGR 

scr 

BRZ 

KGS 

SLC 

TBP 

BLR 

IIMT 

NHO 

SPZ 

BRH 

LPR 

SCP 

BSN 

KMP 

SMX 

TBQ 

BLS 

nPM 

NHX 

SQD 

BZD 

LSH 

sew 

BTR 

KNF 

SPG 

TCL 

BMD 

HPN 

NKD 

SQM 

CFF 

LTX 

SUM 

BZN 

KNT 

SQW 

THC 

BNQ 

HPR 

NLT 

SWD 

CHP 

LWlS 

see 

CGS 

KPT' 

SWF 

THZ 

BNX 

IIRW 

NPK 

SWH 

CHW 

LZD 

SMC 

CHM 

KSP 

SWL 

TKC 

BNZ 

IIRZ 

NTF 

TBN 

CLN 

MCK 

SMP 

CMT 

LDG 

swz 

TLR 

BPD 

HSM 

N'l'G 

TBZ 

CRTI 

MDH 

SNL 

CPF 

IJDN 

TBG 

7 MB 

BRP 

lisp 

NWH TCN 

csii 

MDX 

SPC 

CRT 

LCD 

TBL 

TPK 

BSL 

|HS 

PDG 

TFN 

CSK 

MKT 

SPIf 

CRX 

LPD 

TBR 

TPN 

BSQ 

|im 

PDT 

TFR 

CIN 

MPR 

bPX 

CWN 

LWR 

TDI, 

TPW 

BWD 

JFR 

PFD 

THQ 

DBR 

MPZ 

TFL 

DGR 

LZR 

THF 

TRF 

BZR 

TI.P 

PFP 

TKG 

DFR 

MSB 

TLP 

DMB 

MCR 

TUP 

TWD 

CGR 

JMS 

PGD 

TMK 

DGN 

MSP 

TND 

DPII 

MDR 

TNR 

TVVK 

CKS 

JNP 

PGK 

TNG 

DIIR 

MSX 

TNG 

DPL 

MDW TPD 

TWP 

CHK 

JPD 

PGL 

TNH 

DHT 

MIG 

TNP 

DRJ 

MRG 

TPH 

TXB 

CHT 

JTD 

PGR 

TNQ 

DMR 

MTZ 

TPF 

DRZ 

MSD 

TPL 

TXR 

CKT 

KDN 

PHM 

TPG 

DMS 

MWS 

TPZ 

DSP 

MTC 

TRJ 

WCT 

CLG 

ICFR 

PlIW 

TRC 

DNS 

MXD 

TWL 

DTN 

MTD 

TRL 

WDG 

CLT 

KNB 

PKN 

TRC 

DPW 

MXR 

TWR 

FDR 

MTJ 

TRW 

WFL 

CLQ 

KNP 

PICX 

TRZ 

DRU 

NFT 

TXN 

FNK 

NCL 

wen 

WICR 

CLX 

KRG 

PMB 

TXC 

DWF 

NPS 

WDR 

FNL 

NDG 

WFR 

WMG 

CMR 

KRT 

PMR 

WCK 

DWR 

PBL 

WHS 

FRC 

NIIR 

WGS 

WMH CMS 

KTH 

PSL 

WGL 

DWS 

PDK 

WKG 

FRIC 

NIIT 

WIIF 

WMP 

CNG 

KWN 

PTB 

WGR 

FLZ 

PGM 

WLS 

FRL 

NHW 

WIIL 

WPG 

CNT 

KWT 

PTN 

WGT 

FMS 

PGN 

WPD 

Fl'B 

NIIZ 

WIIM 

WPR 

CPR 

LDn 

PXD 

WTZ 

FTD 

PGS 

WRL 

FTW 

NSC 

WHR 

WTM 

CTH 

LFD 

QMT 

WKM rrN 

PUN 

WSIC 

GLB 

NTL 

WIIZ 

WTN 

CTM 

T.NZ 

QNS 

WMR FTX 

PHZ 

VVl’R 

GLZ 

NTR 

WKN 

XNT 

CZN 

LPC 

QTB 

WNR 

FTZ 

PJR 

XMP 

GMS 

NW'r 

wpr 

XPS 

DGM 

LRT 

QTH 

WPS 

GLT 

FICF 

XPD 

GNR 

NXT 

WRT 

XPT 

DGX 

LTF 

RBD 

wsc 

GMC 

PKT 

XRP 

GPR 

pen 

XCT 

XRD 

DNH 

T,TN 

RBL 

WTZ 

GND 

PKW 

ZNG 

GRC 

PDL 

XLT’ 

Xl’H 

DPN 

LTW 

RCT 

WZD 

GNK 

PLD 

ZNS 

GRZ 

PDW 

XPR 

ZMD 

DRX 

LTZ 

RDG 

XMD GFf 

PLII 

ZPL 

GWK 

PFL 

ZNK 

ZNT 

DWG 

LXT 

RDH 

XMR 

GSD 

PMT 


IIDS 

PKC 

ZRK 

ZTR 

DWT 

MCX 

RDT 

XPL 

IIDR 

PNC 


HFI' 

PRB 



FBR 

MDP 

RKT 

XSK 

use 

PRW 


IILS 

PRL 



FKD 

MDT 

RKW 

ZITP 

HID 

pro 


nos 

PRN 



FLB 

MHS 

RLD 

ZTII 

INS 

rrz 


URIC 

PSW 



FLC 

MKD 

RLX 


TPN 

PWN 


URL 

QSH 



FNC 

MPD 

RTC 


JRZ 

QCK 


IIRM 

QTZ 



FSL 

MRF 

sex 


JSP 

QTD 


IIWL 

QWT 



FSN 

MRH 

SHD 


KDS 

RGN 


IIWl' 

' RFL 



FWT 

MRP 

SKH 


K.PS 

RGT 


JGL 

RFT 
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TABLE 3 (Continued) 


7S% 


79% 


S8% 

92% 96% 



109 


101 

84 

16 

43 13 

10 

BICG 

LTH WFT 

BDG 

MPS ZBR 

BGR PHB 

BLT 

BKD BLD 

DNT 

BKN 

LTR WGN BDR 

MRT 

BKR PHL 

BRG 

BNK BND 

DPT 

BKS 

LWT WKD EDS 

MRX 

BLW PHS 

BRT 

BRN BRD 

drk 

BMP 

MDG WKS 

BLN 

MTR 

BMT PLN 

BTL 

CHL DSII 

HRD 

BRM 

MDZ WLF 

BNG 

MXT 

brk plw 

BXT 

dbt DWN 

PNK 

BSK 

MPT WMS BNS 

NBR 

BSH PRC 

CHF 

DRT FLP 

SLW 

BXD 

MRD WRG BRW NBB 

BTH PRP 

CRN 

DSK FRM 

SNK 

CHN 

MRZ WRMBWL 

NGD 

CHR PRK 

CRW FLT FSIC 

SNW 

CLR 

NBL WTC BWR NGT 

CLF PRM 

DMP FND GLD 

SWM 

CMP 

NCK 

CHS 

NIIP 

CLP PSH 

DRG 

FRD GRN 

WHP 

CPS 

NGR 

CRL 

NHS 

CLS QLT 

DRP 

GRD I-ILD 


CRG 

NKS 

CRP 

NTH 

CLW RHT 

FDL 

GRL LFT 


CSP 

NPT 

CWT PHX 

CRK RMP 

FLD 

GRT TWN 


CTR 

NWS 

C2R 

PKR 

CRM RPD 

FLW 

IILT 


CVVL 

PKD 

DBL 

PKS 

DFT RPr 

FNT 

lIRT 


DRB 

PLG 

DBS 

PLB 

DGT sen 

FSH 

TMP 


DRF 

PLZ 

DGS 

PLC 

DPR SHK 

GLW 

KNG 


DRL 

PMD 

DKS 

PMS 

drm SKF 

GRB LNG 


DTR 

PNG 

DLT 

PRG 

DRW SKM 

GRP 

LRD 


FLN 

PRX 

DNG 

PRT 

DZN SNZ 

HRN LTD 


FLS 

PSM 

DNK PRZ 

FCT SPD 

IIZL 

MBR 


FNS 

PTH 

DPS 

PTR 

FLR SWP 

JCT 

MSH 


FRN 

PWT 

DRN 

PWR 

FLX SXN 

KND MSK 


FRT 

QNT 

DTH 

RBT 

FTII TGR 

LNT 

PICG 


GDS 

RBN 

FHT 

RFC 

FWN THK 

LWN PND 


GLN 

RCH 

FRZ 

RND 

GLR TLD 

MCII RFD 


GLP 

RDM 

FWL 

RPM 

GNT I'MD 

NSII 

RNG 


GNS 

ROD 

GBR 

SGN 

HMP TXG 

PHD 

RNK 


GNW RGL 

GBS 

SLG 

HMS WDN PLS 

SHN 


GRM RMD 

GLS 

SMG 

HND WLD 

PLT 

SHP 


GWD KMT 

GMP 

SMK 

HNT WNS 

PNT 

SKN 


HBR 

RTD 

GRK 

SND 

HTL WRD PRD 

SICP 


HCK 

RTN 

GRW SNF 

TLT WRK RCK 

SLP 


HDN SDN 

GSP 

SPK 

JNT WSH 

RNT 

ICK 


HKS 

SIIF 

GTR 

SPL 

JRN 

RTZ 

TUN 


HLP 

SHW 

GWN SOB 

LBR 

SKD 

THR 


HNR 

SKW 

HCL 

SWK 

LGT 

SLD 

TNK 


HPS 

SMD 

fIDL 

thw 

MDS 

SNG 

TRK 


HSD 

SNB 

HNK TRB 

MFR 

SNP 

TRP 


HTN SQL 

HQT 

TRD 

MGR 

SPN 

WND 


JDG 

TCH 

HRO 

trm 

MJR 

SWG 

WNG 


JHN 

THB 

HSK 

TXD 

MRJ 


WNIC 


JNC 

THM 

IIWK WDS 

MRK 

THD 

WRP 


JNX 

THX 

JNG 

WHN 

MRW 

TMP 



KFT 

TKN 

LGS 

WHT 

MSC 

TRN 



LDR 

TPR 

LNX 

WLT 

MSQ 

WNT 


LHT 

TRH 

LPS 

WSP 

MTH 

WRN 


LND 

TRX 

LQD 

WTH 

NSW 

ZNC 



LNS 

TWG 

LRN 

XMS 

PCK 




LRG 

TXP 

LSP 

XTR 

per 
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dropped to 29 per cent These are the most desirable for test pur- 
poses. 

ds In constructing lists of consonant syllables it is possible to 
have a sequence of six syllabies without any repetition of letters 
e All elements of the unit are comparable whereas, in non¬ 
sense syllables, the vowels and consonants are qualitatively difTerent. 
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LA VALISUR ASSOCIATIVE DES SYLLABES DE CONSONNES A 
TROIS PLACES 
(R£sum£) 

On a demande & vingt-quatre sujcta de donncr la signification, s’ll y cn 
avait, cle 4-i34 syllabes Jc conaonnea a trots places, qii'on a presentees 
indivKluelleTnent sur un tamboui dc m^moirc, cliacunc pendant quatre 
secondes. On a determine la valeur associative de chaque syllabc sur U 
base clu pourcciitage dcs r^ponses, Celles posa^dant de In significiitlon scion 
I'opinion dc tans Ics sujets devaient avoir une valeur associative de 100% 
cr ccUca ‘luxquelJes nul sujet n’a r^pondii out 6t6 groupees h 0% avee routes 
Ics possjbilitds inteimediares jnises en echelle entre ces limites 
Une compnraison dcs syllabes de cunsonnes et des syllabes non-sens scion 
la classification de Glaze montie que lea deux types dc materiel ont dcs 
distributions tr£s ditl^rentes Scs syllabes sont presque iiniformemcnt divi- 
s^cs en scue groupcs de signification, tandis que Ics syllabes de consonnes 
sont plus ^gnles il la cotirbe normalc 
Lcs avnntages de cc materiel comme supplement des syllabes oidinaires 
non-sens sont (a) 4534- unites sont disponibles, (A) Lc materiel cst moms 
significatif que les syllabes non-seos, ayant tine valeur associative moyenne 
dc 43% au lieu de 50%; (r) II y a 3138 syllabes dc consonnes nvec unc 
valeur associative de non plus dc $0% et la valeur associative moyenne dc 
cc gioupe seui n’est que dc 29%, (d) Dans les li^tcs dc test il est possible 
d'avoii line a4iie <1« six syllabes sans nucunc r6p4tition des lettrcs; (e) Tons 
les 4l^ments dc I’unit^ sont comparables tandis que, dans lcs syllabes non- 
sens, les voyelles et les consonnee sont qualitativement dlfl^ientes. 

WiTMBR 

DER ASSOZIATIONSWERT DER DREISTELLIGEN KONSONANTEN- 

SILBEN 

(Referat) 

Vierundz-wanzig Vpn, viutdcn nacb det Bedctitung, vtenn itgend elnc 
Dedeutgng vorhanden war, von 4534 dieistelligen Konsonnntensilben 
gefragt, die einzein auf etnei Gedachtnistrommel fur je vicr Sekunden 
dnrgcboten vrurden Dcr Assoziationswert jeder Silbe vrurde auf Grand 
des Prozentsatzes dei Antworicn bestimmt Diejcnigen, die bedcutungsvoll 
von alien Vpn, beurtcilt wurden, bekamen cinen 100% Assoziationswert, 
und dieienigen, auf die keine Vp antwortctc, wurden als 0% bezeichnct, 
wnhrend sich alle dazvvischcnliegenden Mogliclikeiten zwischcn clicsen 
Grenzen grupplcrten. 

Ein Veigleich dcr Konsonantensilben mit sinnlosen Silben, wie sie von 
Gla^e klassifiziert sind, zeigt, dass die zwei Arten von Mateiialien zwei 
sehr vcrschiedcne VerteiUingen besitzen Seine Silben sind beinahe gleich- 
massig in sechzehn Gruppen dci Bedeutung nach eingetcilt, wahrend die 
Konsonantensilben sicli mchr dcr Normalkurvc annahren 

Die Vortcile dicacs Materials als Eiganzung dcr gcwohiilichcn Sinii- 
tosen Silben slnd; (a) 4534 Einhcitcn sind zur Verfugung, (i) das Ma¬ 
terial nt weniger bedcutungsvoll als sinnluse Silben, indem ca eiiien diircli- 
Echnittlichen Assoziationswcit von 43% anstatt 50% hat, (c) es gibt 3138 
Konsonantensilben init emem Aasoziationsweit von niclit iiiehi nls 50% 
und der Durchschnittswerl von diesei Gruppe allem ist niu 29%, (rf) in 
Testrellien ist es moglich, eine Rcihenfolgc von aechs Silbeii ohne irgend 
eine Wiedcrholung der Buchstaben zu haben; («) alle Elcmente dei Einheit 
sind verglelcfibar, wahrend bei sinntoseo Silben die Vekale und Konsonanten 
qualitativ verschieden sind 
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A STUDY OF THE RELIABILITY AND VALIDITY OF 
THE BUHLER INFANT SCALE* ^ 

Fro/M the StroNff Afemonal IJosptlal, Roehesleti New York 


Ruth M. Hubbard 


Tliis study is sn attempt to add to our understanding and inter¬ 
pretation of scales foi testing infants by studying the consistency 
and picdictivc capacity of one such scale, the Buhlcr Infant Scale 
described by Charlotte Buhler in her book, The Fint Year of 
Life (3). 

Subjects 

The infants to he tested weie obtained tiuough the Well Baby 
Clinic of Strong Memorial Hospital, Rochcstci, M. Y. The exam¬ 
ine spoke to individual motheis in the clinic, dcsciibing the tests, 
telling them an effort was being made to learn what normal babies 
could do at various ages and asking if they would be interested m 
bringing their babies for a test and for retests There was selection 
from this gioup of mtants only in the tact that the mother must 
be able to speak English enough to understand the examiner and 
must be willing to bung her baby, and that the child’s noonth blrtli- 
date must fall close to the days for which appointments were being 
made Even though motheis were at first interested in the tests, 
they frequently were unable to keep appointments because of in¬ 
clement weather, illness of the baby or of someone in the family, 
inability to make arrangements for transportation, or because tliey 
had lost interest in the tests. Actually only about half the appoint¬ 
ments made were kept. 


•Accepted for publication by Cnrl Murchison of the Editorial Board, and 
received in the Editorial Office, July 8, 1935 
^Acknowledgment is here made for the kind assistance and cooperation 
of the following people m making possible this study Dr N W Faton, 
Supeiintcndent of Strong Memorial Hospital, Dr S. W. Clnuacn, head of 
the Department of Pediatrics, and Dr. E 1C. Clarke, head of tiie Depart¬ 
ment of Psychiatry in the University of Rochester School of Medicine and 
Dentistry, Dr Isabel Wallace of the College for Women, University of 
Rochester, and the follovrmg students at the College for Women who 
assisted with record taking Frieda Mikell, Marian Rcdfcrn, Betty Rosen¬ 
berg, Jean Horlon, Challice Ingelow, and Clarice Keenan 
Dr Ilnzel M Cushing has contributed very stimulating comment. 
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At the request of certain social agencies, the Rochester Community 
Home for Giils and the Children’s Service Bureau, 25 of their infant 
charges were tested 

There were in all 78 babies, 39 boys and 39 girls. All children 
included in the study were in good physical condition. The age 
distributions for first, second, and third tests, and for those children 
who were later given the Meirill Palmei scale, aie shown m 
Table 1 These ages were computed from birth; no attempt was 
made to compute them from conception 


TABLE 1 
Agb Distridution 


Age in moiuhs 

First ‘est 

Second test 

Thud 

test Mei nil Palmer Totals 

37-38 




1 

1 

35-36 






33-34 






31-32 




1 

1 

29-30 




3 

3 

27-28 




3 

3 

25-26 




2 

2 

23-2+ 




2 

2 

21-22 




3 

3 

19-20 

1 

1 


5 

7 

17-18 

3 

2 


4- 

9 

15-16 

3 

7 

1 

1 

12 

13-14 

S 

6 



U 

1M2 

12 

6 

5 


23 

9-10 

9 

3 

2 


14 

7- 8 

12 

9 



21 

5- 6 

13 

6 



19 

3- 4 

13 




13 

1- 2 

7 




7 

Totals 

78 

38 

8 

25 

149 


The Testing Situation 

The testing was carried on in a roomy, out-patient office, undis¬ 
turbed, containing only the equipment necessary for giving the 
tests and chairs for seating parents. A regular hospital crib, small 
size, was placed head end toward the window. At its head and 
along the right side stood a cloth-covered screen and behind the 
screen a large table on which the testing materials were placed 
When an observer recorded responses she stood at a high table to 
tbe left of the crib about eight feet away. Parents were seated from 
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foul to SIX feet flora the foot of the crib and a little to the rlpht, 
upon occasion, when the child seemed to be playing for parental 
attention, parents moved behind the screen. 

In a very few cases babies were thought to be a little fearful 
of the room at first, because they had recently been hurt in the 
clinic, but most of them were sufficiently accustomed to the hospital 
suj roundings thiough then visits to the clinic, so tli.it they showed no 
fear. The time of day for appointments was arranged so as to 
interrupt the child’s feeding and sleeping schedule as little as possible. 
Howcvei, some motliers were very inegular m their schedules and 
brouglit babies tired or hungry to tlic tests. Wlicn this happened 
the test was usually discontinued, in two cases tlie baby was partially 
fed during the testing period In all caves tjic individual (mother 
or social woikci) who brought the baby was present in the testing 
room. This gave such childicn as were fearful a greater feeling of 
security and often made il possible to bring out motor responses 
which the examiner alone could not elicit Never were more than 
two visitors allowed and only one was asked to help in any way 
In a few instances, mothers m then over-anxietv to have the clnld 
do well interfered with the tests, and had to be asked to remain 
quiet or stay out of sight. 

The testing instructions as given by BuMcr (3) were obeyed as 
closely as possible in administering the tests. Where directions were 
equivocal, they were intcrpieted consistently throughout the experi¬ 
ment; these Items will be discussed later. The test materials were 
ordered through Dr. Buhler from Vienna. Non-washablc materials 
were coated with shellac. All materials were tlioroughly washed 
in warm soap suds after each test to prevent any danger of infection 
Some materials wore out and bad to be replaced from local stores. 
Rattles were easily replaced; it was found preferable to use rattles 
with single straight handles, lathcr than those with double handles. 
The chicken in a ball was replaced by a dog wliosc eves and tongue 
protruded when he was squeezed j the reaction of babies to the dog 
seemed to be very similar to their reaction to the chicken m a ball. 

For about the first half of the experiment an undergraduate stu¬ 
dent in psychology was used as recorder, Because it was difficult 
to arrange convenient schedules for all persons concerned and be¬ 
cause It was felt that, m clinical practice, two persons could not 
be expected to give their time to a single test, the examiner later 
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did her own recording. This slowed the giving of the test some¬ 
what but did not noticeably lessen the amount of lecording done, 
because abbreviations were used and the notes amplified immediately 
after the test was finished. 

Babies ivere tested as closely as possible to their montli birthdays. 
Ninety-eight tests were made within four days of the month birth¬ 
day, 109 were made within a week of the month birthday, while 15 
were made at intervals longei than a week befoie or after the 
birthday 

Reliability 

The internal consistency of the scale is our first concern Buhler 
lepoits no data on this point for this scale. Other infant scales 
liavc shown high internal consistency, foi single month levels. Lm- 
fert and Hierholzer (9) rcpoit a mean conccted alteinate-item 
reliability coefficient of .81 for their scale, using single month levels 
Bayley (1) reports for the California First Year Mental Scale an 
average split-half reliability coefficient of .82 for single month levels. 


TABLE 2 

ACTEaNATE-lTEM RELIABILITY COEFFICIENTS 


Number 

Reliabili^ 
copfiii tent for 
half scale 

Corrected for 
no uf Items in 
total scale 

Corrected for 
wide range 

First tests only 

7S 

97 

986 

73 

Second tests only 

2i 

.97 

987 

.86 

‘i'hird tests only 

S 

.98 

990 

.95 

All tests combined 

12+ 

98 

.990 

80 

Tests, developmental 
ages 1 through 

11 months 

75 

.96 

.978 

.84 

Tests, developmental 
ages 12 through 

22 months 

SO 

84 

91 

54 


In Table 2 aie presented alteinate-item coefficients for the Buhler 
scale, obtained by correlating mental ages derived from odd items 
only with mental ages derived from even items only. Since there 
were so few cases at any one month level, all ages are combined. 
The second column in the table shows the law coefficients, the third 
column gives these coefficients corrected according to Edgeiton and 
Toops’ method (5) for the length of the total scale. Because the 
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rnnge of ability represented by these coefficients is 11 to 22 montlis 
of developmental age, these are not comparable with coefficients 
obtained for single month levels. Wc find fiom our data that the 
range of ability included in 11 months is tiuce times the range in¬ 
cluded in one month level, and the range of ability included in 22 
months is about six tunes (he range included in one montli level, etc. 
Coirectmg each coefficient of the third column for the extent of its 
range \ve obtain tlie coefficients in the fomth column (8, p 221). 
These repiesent the piobablc icliability foi single month levels and 
arc moie nearly comparable with the coefficients quoted by Linfert 
and Hicrholzer and hv Bayley. The internal consistency of the 
Duhler scale for the fiist year seems to be about the same as that of 
the other two infant scales However the Bulder scale for the sec¬ 
ond year of life is considerably less consistent. 

A moic important ciitciion of the value of tlie scale is the agree¬ 
ment between scores on fiist and Inter tests Bulilcr (3, p 275) 
reports that slic retested 25 children at intervals of foui to 12 
months and that “the result of the fiist examination agreed witii tlic 
result of tlie second witli the exception of two cases" Sl^c does not 
report test latings for all 25, but reports them for five children who 
aic considered to be unexceptional cases The second deveiopmentai 
quotients in tliese five cases differ from the first quotients by 0 to 20 
points. She states that “there is no case in which the result of retest¬ 
ing directly contradicts oui prognosis *' 

For the present experiment it was planned that mothers would 
bring their babies back rcgulaily at two-month intervals for retests 
Few mothers were sufficiently interested to do tins regularly. Be¬ 
cause of broken appointments, the inleivals between first .md second 
tests vary fiom one month (a case that accidentally returned too 
soon) to nine months, with an aveiage at four months The inter¬ 
vals between first and third tests vaiy from five to nine months with 
an aveiage at six and a half months Since theic were so few cases 
no scpaiatc computations of reliability weie made for the different 
length intervals 

In Table 3 arc presented the changes m developmental quotient 
from test to retest The changes arc picdominantly positive when 
the second test is compared with the first This would suggest the 
babies were much more accustomed to the test situation at the time 
of the second test, if we did not find more negative changes from 
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TABLE 3 

Chance in Developmental Quotients at Retest 


Points of change 
in DQ 

First to 
second test 

Second to 
third test 

First to 
third teat 

46 

to 

50 

1 



41 

to 

45 

1 



36 

to 

40 

1 



31 

to 

35 

3 



26 

to 

30 

2 


1 

21 

to 

25 

5 


0 

16 

to 

20 

4 


0 

11 

to 

IS 

7 

1 

1 

6 

to 

10 

6 

0 

2 

1 

to 

5 

» 

2 

1 


0 


0 

0 

0 

-1 

to 

-5 

1 

2 

2 

-6 

to 

-10 

i 

2 

0 

-n 

to 

-IS 

i 

1 

0 

-16 

to 

-20 

i 


1 


second to third tests, when the babies should be still better accus¬ 
tomed to the tests The median amount of cliangc from first to sec¬ 
ond test is -f-l24 points of developmental quotient; the median 
amount of change from second to third test is —2 5 points of de¬ 
velopmental quotient Changes as great as —19 and +46 points 
occurred in individual ratings Baylcv (1) found less agreement 
between test and retest when the interval was longer Although we 
have too few cases to make any such comparison valid, still the few 
cases that we have show no consistent lelationship between length 
of interval and variability m score. 

Retest reliability coefficients arc shown in Table 4. Apparently 


TABLE 4 

Retest Rcliadilitt Coefficients 



N 

CoeiHcient 

Probable error 

1st test vs 2nd test, both sexes 

44 

70 

*<-,05 

2nd test vs. 3id test, both sexes 

1st test -vs 3rd test, both seres 

8 

.94 

±.03 

8 

75 

± 10 

Ist, 2nd Sc 1st testa vs 2nd, 3rd 
& 3rd tests, boys 

1st, 2nd & 1st tests vs 2nd, 3tfl 

28 

69 

±,07 

Sc 3rd testa, girls 

Ist, 2nd & Ist tests vs 2nd, 3rd 

32 

70 

± 06 

Sc 3rd tests, both sexes 

60 

.70 

± 04 
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(so f.'ir as can be estimated from the small number of cases) second- 
and third-test latings aic more stable indications of a child’s ability 
than first-test ratings The last coe/llcient in the table was obtained 
by combining all tests given, in older to use as many comparisons as 
possible In the couise of the experiment a similar coefficient was 
calculated using only half as many cases This prcliminaiy reliability 
w.as .67 and so suggests that the 70 reported here is a fair repiesenta- 
tion of the constancy of the test ratings. 

IBayley (1) reports an average cm relation between ratings on 
consecutive tests one month apart of .82, bciwecn ratings on alter¬ 
nate tests two months apart of 70 Even though the average inter¬ 
val between our fust and second tests with the Ruhler scale was four 
montlis, still tlic dgreemciit between ratings is fairly close, repre¬ 
sented by a correlation of 70. Oui cases are too few to lead to con¬ 
clusive results, but the indication seems to be that the lluhler scale 
gives faiily reliable latrngs; that for prediction for individual clul- 
dren, at least two tests should be made 

Validity 

Another impoitant criterion for the scale is the agreement of its 
ratings with other measuics of intelligence. Muhlcnbein and Furfey 
(11) repoit coirclations between infants’ ratings on the Linfert- 
Hierholzer scale and Stanford Binct ratings made four years later, 
ranging from —.34 to — 11 foi three single age groups of 26 to 28 
children each. The total group of 81 infants' tests coirclatcs .00 
with Binet ratings made four ye.irs later. Bayley (1) reports a 
correlation of .22 between tlic average score of a child in the 7th, 8th, 
and 9th months with his performance in his third year 

To obtain a measure of the validity of the Buhler scale as many 
ciiildrcn as possible were tested with the Mcirill Palmer performance 
scale when they became old enough Their average age at the time 
of the Mcriill Palmei test was 23 4 months with a range from 16 to 
37 months The correlations between Buhler and Merrill Palmer 
ratings aic shown in Tabic 5 The last column of the table shows 
the raw correlations coi reeled for attenuation (8, p. 204). For 
the attenuation formula the reliabilities used were, for tlic Buhler 
test, >=.70 from Table 4 and for the Merrill Palmer test >=.72 as 
repoited by Stutsman (13) foi S D. scores on children two to five 
yeais old, retested after an interval of two montJis. It will be seen 
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table 5 

VAWDiry CoBmciEN'ra 


Average Range 

interval of 

between interval 

N . tests length 


Coi relation 
coefficients 
conected 

Correlation for 
coeflicients attenuation 


lat Buhler test vs. 
Mernli Palmer 

25 

15 2 mos 

1 to 26 moa. 

.37± II 

52 

2nd Buhler test vs. 

Merrill Palmci 

IS 

10 1 nnos 

2 to 24 mos 

.70di 01 

99 


that these chtJcIrcn were not only younger at the time of their Mer* 
rill Palmer test than tiie children in the two studies of infant scales 
rcpoited abovCj but also that the interval between tests was shorter 
Also these two scales are rathci similar m type, largely dependent 
upon manipulative capacities. Pcihaps these tlirce factors account 
for the closer relationship tound here between infant test ratings and 
preschool test ratings. There seems to he some tendency for tiiosc 
childien who late high on the Buhler scale to rate high also on the 
Merrill Palmei, and the agreement between the two scales is much 
more marked if the second of two infant test ratings is considered 
Another indication of the validity of the scale is the distribution 
of scoies. Tabic 6 presents the distribution of developmental quo- 


TABLE 6 

DlSlRinUTION OF DBVBtOPMENTAl. QUOTIENTS ON INITIAL TesTS 


DQ 

Number under 1 year 

Number 1 year or over 

ICO 


1 

ISO 

5 

1 

140 

1 

1 

130 

2 

0 

120 

9 

3 

110 

11 

3 

lOO 

IS 

4 

90 

5 

4 

80 

70 

«0 

6 

1 

50 

1 



tients for children whose chronological ages weie under one year 
and for those one year or over. Consideung that the gioup is small 
the distributions are fairly legular, except for the skewing toward 
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high scoics and the picsencc of some ivhich seem to be fieak scores 
The average mental level of the group is anotlier way of gauging 
the validity of the scale. It is to he noted that these infants came 
from undcrpiivilcged homes, homes being assisted by relief agencies 
and being given free medical caie. Studies (15, 2, 7) of school 
childien from such underprivileged homes as these have shown IQ’s 
about 10 points below the avciage for the general population. Exact 
data on infants fiom such homes aie not available Ripin (12) finds 
that infants m orphanages aie not difterent m general mental level 
from infants in their own homes up to tlie age of six months but 
that above tliat age there is a “marked diffcrcnco” in favor of the 
private home group even though tlie homes weic of low socio¬ 
economic status. Tile infants used in standardizing the Buliler scale 
were in a leceivmg home awaiting adoption or placement in homes. 
Buhlei makes no statement as to whether this fact was considered in 
evaluating test responses. One might expect, theieforc, that aver¬ 
age children would rate above avciage on this scale. 

Table 7 presents tiie average developmental quotients made on 

TABLE 7 

Average Devplopwenial Quotipnis on First Test for Certain 
Groups Tested 


Group 

Number 

Developmental 

Quotient 

Standard 

Dcvintioo 

Infants from Well Baby Clinic, 
all ages 

47 

IISS 

22.5 

Infants from social agencies, 
all ages 

25 

107.2 

13 3 

Well Baby Clinic, 2-6 mcmihs 

22 

110 1 

22 7 

Well Baby Clinic, 7-12 months 

19 

123 7 

221 

Well Baby Clinic, above 12 months 

6 

109 7 

112 

Social agencies, 2-6 months 

S 

105 3 

11 2 

Social agencies, 7-12 months 

II 

309 0 

13.5 

Social agencies, above 12 months 

6 

3065 

13 4 


first tests foi groups of infants used in this study These babies run 
significantly above aveiagc in mental ability as it is ineasuicd bv this 
scale Children from seven to twelve months old, who should, ac¬ 
cording to Ripin’s results, be beginning to show the effect of their 
meager environment, rate even higher than children two to six 
months old. Even though the number of cases lierc is not large, 
this result suggests a doubt of the adequacy of the standardization of 
the scale. 
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In the years represented by this testing program, many persons 
weie having to seek help of social agencies and free medical care 
who in more prosperous years would have been independent. May 
not this fact cause children brought to dispensaries, etc, to be 
brighter than similarly selected children a few years ago when the 
studies cited above on undeiprivlleged families were made? To test 
this hypothesis some few items of social histoiy were collected from 
as many parents as possible. The data are incomplete because some 
children were illegitimate and nothing was known of the fathers 
Also data as to mother’s education weie not always available. The 
average Bair rating (14, p. 67) for the occupations of 41 employed 
fathers was 8 18, slightly above the average of the general popula¬ 
tion and about equivalent to the occupational level of plasterer or 
general painter This may not be a true indication of the father’s 
abilities because, on the one hand, many reported they had held oc¬ 
cupations of higher level a few years ago and on the other hand many 
were at the time unemployed. The average education of 37 fathers 
was 8.5 grades; of 51 mothers, 10 grades. The education of those 
parents for whom data were not available may be lower than the 
education of these reported Considering, however, both occupa¬ 
tion and education of the parents as an indication of their mental 
level, the group seems to be just about average in ability and there¬ 
fore A little above the usual out-paticnt clinic level. 

Even, though their parents may be average in intelligence still this 
group of children seems to rate unusually high. Thirty-nine per 
cent of children under one year rated superior or higher on their first 
tests; 33 per cent of those one year or over rated superior or higher. 

Before we judge the Buhler scale too harslily, it is to be noted 
that on the Merrill Palmer scale also these children rated sur¬ 
prisingly high The average Merrill Palmer rating of 25 children so 
tested was High Aveiage, and 15 per cent of the 25 rated Superior 
or Very Superior. Even considering the fact that the more intelli¬ 
gent children were probably returned by their parents for retests, 
this suggests that our group is probably of higher mental level than 
their economic and educational level would lead one to expect. 

Under the circumstances of the present study it was not possible 
to select infants in representative proportions from all occupational 
levels. Since the scale seems to be fairly reliable in comparison with 
other infant scales and to have some predictive capacity with respect 
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to ratings on preschool tests, it would seem worth while that it be 
given to a large group of representatively chosen infants to determine 
whether oi not its ratings are actually spuriously high for the general 
population. 

Administration of the Scale 

In many places the instructions for giving this scale are equivocal 
or incomplete The proccduies decided upon for use in this study 
are described here, not because they represent anything final by way 
of standardization but because they are one further step in the use 
of the test They are presented in the hope that later users of the 
scale will be enabled better to standaidize then procedure before 
beginning, and to be able to obtain more reliable and valid results. 

In this study all chronological and developmental ages were com¬ 
puted in terms of months and days, making the quotients as accurate 
as possible 

Buhler recommends the giving of Jive test levels to each child, 
the level at his own month age, two mouth levels below, and two 
above (3, p. 195) Many of the children, the detailed report of 
whose tests she gives, did not pass all tests at the lowest of these five 
levels, nor fail all tests at the highest of the five levels given In 
our practice, we tested eadi child on a level low enough that he 


TABLE 8 

Scatter op Tbst Successes 


Age in 
months 

Number of 
children 

Average scatter, 
month Icvcia 

Range in test 
levels 

2 

6 

3 8 

3 to 5 

3 

6 

5 1 

4 to 6 

4 

7 

47 

4 to 6 

J 

8 

SS 

4 to 8 

6 

11 

5 8 

4 to 8 

7 

10 

65 

5 to 9 

8 

11 

66 

5 to 8 

9 

7 

69 

5 to 8 

10 

8 

6.5 

4 to 8 

11 

10 

67 

5 to 9 

12 

12 

6.1 

4 to 9 

13 

5 

60 

4 to 7 

14 

5 

SO 

4 to 6 

15 

6 

SI 

3 to 8 

16 

5 

42 

3 to 5 

18 

5 

38 

3 to 4 

19 

2 

65 

6 to 7 
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passed all tests and continued testing to a level high enough that he 
failed at least all but one test Thi^ was done because we wished to 
make no a pnoii assumptions as to the normal scatter of an infant’s 
successes but rather wished to discover the extent of such scatter as 
measured by this scale. Table 8 shows the amount of scatter found. 
If the testing for each child had been limited to five test levels, 56 
per cent of the childien would have been incompletely tested, since 
this percentage of the gioup scatteiod over more than five test levels. 
If the testing foi each child had been limited to six test levels, 32 
per cent of the childtcn would still have been incompletely tested 
It would appear that the more desirable practice would be testing 
from the level at which the child passes all tests, through the level at 
which he fails all. 

There is a vciy serious defect in the joining of the fii&t-year scale 
to that of the second year. The first-year scale includes one series 
of ten tests for each month level from two to eleven months in¬ 
clusive, each test carrying three days’ credit The second-year scale 
includes ten test^ for each tlirec-month peiiod, 12 months to 14 
months 30 days, 15 months to 17 rnonths 30 days, etc., each test 
cariying nine days’ credit If a cliild passed all tests at eleven months 
he would be given a developmental age of eleven months. If he 
passed all the tests on the next highei (three-month) level he should 
logically be giien a developmental age of fourteen months. Buliler, 
recommends, however, (3, p. 198) that the basal scoie foi childien 
between 12 and 15 months be 12 months and that ciedii foi all tests 
passed be added to this. This would add one month to the child’s 
devciopmcntal age without any tests having been given for it, then 
a child 12 months old would leccivc full ciedit for one extia month 
of developmental age wheieas at 11^ months he would receive no 
pait of that ciedit. Also a child who passed some but not all of the 
tests in the 12- to 15-month level would icceivc no part of that extia 
month’s credit The developmental quotients of individual childien 
tested twice, once before H months and once aftei 12 months, would 
not be compaiable because of tlie month added gratuitously For 
these reasons we feic we could not adopt Buhlei’s method of credit¬ 
ing We consideied using the already obtained developmental .ige of 
11 months as the basal store foi the 12- to 15-month tests, and 
adding credit foi any tests passed above this level This piocedurc, 
howevei, made ratings obtained on the second-year scale incomparable 
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With those obtained on the scale by being too low. It w.is 

necesbiiry to find a way to add the month that should make the extra 
credit obtained propoitionai to the brightness of the child To do 
this wc re-evaluntcd the tests of the 12- to 15-month level so that 
success on all tests would carry foui months* credit instead of three 
montlis, and each individual test would carry 12 days’ credit instead 
of nine days’ This oveiweightcd the tests of thib level in piopor- 
tion to other tests ot the bc.ile, making them have more effect on the 
final score However, the advantage dciivcd from giving credit pro¬ 
portional to the number of tests the child passed seemed to out- 
weigli this disadvantage 

In our administration of the tests, the child was presented with 
only one toy at a time unless the test specifically required more 
This was done in order to avoid oveistimulation and to obtain atten¬ 
tion as undivided as possible to tlic test being given Specific 
methods of giving ccitam tests arc described in tlic following para- 
giaplis, Roman numerals indicate the month level, and Arabic 
numeials the number of the test in that Icvc! 

Test II 8 Reaction to Changing Tone of Voice This test and 
VI 9 Imitating Sounds aic difficult to slandaulir.e from person to 
person without actual practice The contrast between normal and 
changed voices cannot be dcsciibed in exact terms Also the ex¬ 
aminer almost inevitably alters the contrast to suit the child, making 
It mild foi the child she expects to be frightened and making it 
marked for tho children she considers phlegmatic 

III 6 Changed Reaction upon Repeating the Piesentation of an 
Auditory Stimulus. In this test we used the whistle only, not the 
voice. 

Ill 8 Mask Test Like McGiaw (10) wc found friglit to 
be a less ficquent response to this test One of six two-inonths 
habicb was firghtencd, two of six tlircc-uiontlis Imhics and three of 
seven four-months babies There was stating and widening of the 
eyes, followed by smiling oi even an immediate broad smile 

IF 1 Expiession of Disple.isuie When Adult Stops Playing with 
tlie Child Foi tins test unstandaidizcd speaking, singing, and play¬ 
ing arc lecommendcd before the examiner withdiaws from the child. 
In our testing, the cxaininci meiely withdicw after certain othei 
tests involving play with the child had been adniinibtered If, after 
III 1 Retiiining the Glance with Smiling or Coomg, the cJiild looked 



374 


RUTH M HUBBARD 


aftei E, III 7 Reaction to the Disappearance of the Human Face, 
was credited, If, after the child had been doing the grasping tests, 
IV 3 and 4 and the diaper experiment IV 5, the child showed more 
active displeasure when E withdrew, test IV 1 was credited 

IV 4 Grasping a Touched Object. The instructions here do not 
tell how much help to give. We lightly touched the back of the 
child’s hand with the rattle. If this did not elicit the correct response 
the rattle was placed in contact with the child’s palm. If he grasped 
firmly, credit was given. 

JV 7 Positive Reaction to Light The tests to be given in the 
daik were given by merely putting a black cloth ovei the crib, be¬ 
cause the noise of darkening the room was too disturbing The black 
cloth was pulled over the crib slowly wliile talking and smiling at 
the child, so as lo minimize his fear. Both this test and VII 6, Loss 
of Interest m a Repeated Stimulus, were omitted with some children 
who showed marked fear by crying 

The imitative tests III 9 Imitating Facial Movements, (pursing 
lips), IV 9 Wrinkling the Brow, V 9 Sticking out the Tongue, and 
VI 9 Imitating Guttural Sounds, arc said m the instructions to be 
demonstrated for three to ten minutes if the child does not respond 
correctly. Comparing these items with other scales and noting the 
behavior of infants in this study, such a period seems to be too long 
At 20 and 28 weeks, Castner (4) leports 20 seconds ns long enough 
to elicit the prehension response if it is going to appear in tiie child. 
The Buhler imitative tests are given to infants of tliice, four, five, 
and SIX months In practice we found if the lesponse did not appear 
in one minute it did not appear at all. Howevei, to make sure, 
each of these tests was repeated twice later during the testing period. 
Judgment as to whether the imitative lesponse appears is highly 
subjective. 

V 1 Reflecting Friendly and Angry Facial Expressions, VI 2 Dis¬ 
tinguishing between Friendly and Angry Talking, and VII I Distin¬ 
guishing between Angiy and Friendly Facial Expressions arc three 
more uiistandardized tests. The remarks made are to be extempore 
and one finds it very hard to scold a baby convincingly Responses 
to these were hard to elicit, possibly because the scolding was un¬ 
convincing but also because mocfc-angei is frequently n pait of family 
play with a baby Very often the scolding tone elicited fiist a ques¬ 
tioning serious expression and then a broad smile Such responses 
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seemed to be a correct adjustment to the situation as a whole and 
were thejefore credited. 

VI 3 Sitting with Support, was credited if the child sat for even 
so short a time as half a minute. The instructions are indefinite; 
probably a longer sitting should have been expected. 

VI 6 Displeasure at Unsuccessful Giasping. The response of 
several energetic children was not a negative expression, crying, re¬ 
sentment, or objection, but a more forceful icaching with a “de¬ 
termined” expression This response was credited because it seemed 
a more mature response than the negative one 

Vn 2 Locomotion was difficult to elicit. Mothers’ spontaneous 
reports of childicn's locomotive responses were credited, if accord¬ 
ing to detailed descriptions this cicdit seemed justified 

VII 5 Pushing Away a Stimulus. This test was difficult to score 
because some childicn quite capable of forceful, directed ptishmg in 
other tests, suffered the annoyance of this test without objection 
The same stimulation had happened to them so often in the home 
at bath time that they were m the liabit of submitting. 

VII 8 Taking a Tov Away from an Adult was not credited unless 
the child actually got the toy, but the toy was held loosely in E’s 
clasped hand. 

in 3 Understanding Gestures. Gestures have apparently become 
a game for many children. More of them laughed at the threatening 
finger or tried to take it than were fearful. For this reason, the 
test was scored mainly on the basis of the response given to the 
welcoming gesture. 

IX 4 Playing Cuckoo. For this test the words used were “Where’s 
the b.aby?” and "Thete she is” inste.id of “Cuckoo" and “Da da." 
This is in line with the current tendency to avoid baby talk to 
infants 

IX 5 Kneeling with Support. It is difficult to learn from the 
directions how much support should be given the child; wc were 
not sure whether the child should be expected to hold the position 
without any support or whether he held it with a continuance of the 
help E gave in getting liim in position. Therefore E gave light sup¬ 
port with both liands and if he stiffened and held the position erectly 
with this support the test was credited The number of credits 
given for the test shows that giving the test m this way made it too 
easy. Of the children given the test at six months, tlnee passed and 
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two failed, at seven months five passed and tlirec failed, at eight 
months eiglit passed and thiee failed, at nine months seven passed 
and none failed, at ten months etglit passed and none failed, at 11 
months eight passed and two failed Above tins level all passed. 

IX 9 Pocket Test is also unccitainly described, as to size of toy 
used, depth of pocket, particular toy chosen, repetitions of test. In 
our work, the small metal snapper was used, this was shown to and 
sounded for the child, then dioppcd into a pocket six inches square, 
if he did not reach for it the test was repeated as many as four times, 
at the end even holding the pocket in such a way that the child could 
see the snapper in it Children differed markedly in their spontaneity 
in reaching and the item seemed less an mlellcctual than an emotional 
test 

X 2 Organized Play with an Adult requues sufficient confidence 
m the examiner on the part of the child that he give up a toy will¬ 
ingly For this reason the test must be given rather late in the 
testing peiiod and always with a smile. 

X 6 Glass Plate Tests. This was correctly done by few children 
and their procedure was never that described by Buliler as normal. 
They usually pulled the glass forward and reached over it for the toy. 
Any toy in which the child had shown matked inteicst was used be¬ 
hind the glass. 

X 8 Memory Test. Like McGiaw (10) wc found five minutes 
too long a time to expect the child to play with box and ball He 
was kept interested in the box for as long as two minutes. Since 
both tests X 8 and XI 3 (the memory test with a longer interval) 
had to be given to the same childicn the question arose as to whether 
If X 8 were passed the box and ball should be presented again to¬ 
gether in pieparation for the tcn-minute interval of XI 3 This 
same question arose in connection with the memoiy tests at the 
higher levels XII 6 and 7, XF 7 and 8, XFIII 6 and 7 and XXI 
6 and 7 To give the memory tests fairly at the first level at which 
each appeared one must test the child’s memory after the shortest 
interval. If he passes it at this level, one must in fairness at the 
next higher level present the complete stimulus (box with ball in it) 
again and then wait the next longer interval But by presenting 
the stimulus again one adds to its value by summation and un¬ 
doubtedly theiefore adds to its memory value. The in-jtructions 
for the memory tests do not clear up the dilemma, so we gave each 
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test m order, presenting the complete stimulus before each memory 
period For some bright children of 12 months this meant that they 
saw tlic box with ball in it four tunes at ever increasing intervals. 

X 10 Opening a Box This lest is easily done by the child through 
sheer accident if he manipulates or bangs the box at all The cover 
IS loose enough to fall off In the absence of any definite criterion 
of his intention to open the box these appaiently accidental openings 
had to be ciejitcj 

XI 5 Imitating Sounds If the child's vocalizations could not be 
elicited here the mother's spontaneous report of syllables said at 
home was given credit. 

XI 6 Fear of tlie Unfamiliar, Wo uj.u.'illy used tlic cliicken in t)ie 
ball as stimulus for this test Buhlei suggests either a new toy, a 
stiange person, oi a stiangc situation. Wc selected the toy as being 
more standard, since tlie tiircc kinds ot stimuli she suggests aie not 
comparable and piobably have less similar values for different chih 
dren than an unfamiliai toy would have. 

XI 7 Pulling an Object by its String. For this test the string 
was placed neai the cluld's hand, never in it, although Buhler sug¬ 
gests this alternative. 

XI 9 Fitting Hollow Blocks into One Another anti XII 10, 
Taking a Nest of Blocks Apart and Putting Them Together Again. 
The distinction between these t\vo tests is not clear For both levels 
the nest of blocks is taken apart and placed before the child The 
examiner does not sho-w how they arc to be put together For the 
IFraonth test “The child puts the blocks together again, fitting the 
smaller ones into the laigcr” (3, p 238). For the 12-month test 
the examiner observes the child for five minutes and he is credited 
with success if he “puts one block into another and takes it out again 
at least once duiing the period of five minutes” (3, p 244). This 
seems to make the 12-month success easier to obtain than the 11- 
montli success Wc kept a wiitteii iccoitl of exactly what each child 
did witli the blocks No child even as old as 20 months put all the 
blocks together again, in fact no child had more than three of the 
five together at any one tunc so the 11-inonth criterion seems to be 
too difficult The 12-month criterion ^vas passed by two of the cight- 
ten-month childien, by three of the ten eleven-month children, by 
four of the five 13-month children, by all children older than thirteen 
months except one 15-month child with a developmental age of 
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thirteen and a half months, and a very much inhibited 20-month 
child. Although our cases are too few to use as a basis for definite 
standardization these results suggest that the 12-inonth criterion of 
one block into anothej during the iive-minutc period is probably fair 
to children of 12 months In our study the test was credited at both 
levels if the 12'mQnth criterion was passed. 

Crediting the test this way makes a child receive two credits for 
only one test. We have caiefully studied the lecord of the re¬ 
sponses made to this test in the hope of finding other possible dis¬ 
criminative criteiia for it. At all ages from eight months up, bang¬ 
ing occurred along with the fitting of blocks into each other, so this 
behavioi is not discriminative. Those children who fitted alternate 
sizes into each other also did the harder manipulative stunt of fitting 
consecutive sizes into each other, so these two types of response arc 
not discriminative. Piling two blocks on cacli other seems to begin 
rather suddenly at the age of 14 months or the developmental age 
of 16 months, so such a test might be appropiiate m the 15-month 
group of tests We found no method of scoring the blocks that 
seemed to he discriminative as a substitute for the test at 11 months. 

XII 1 Oiganized Play Getting up and Lying down. This test 
aroused some negativism, partly because children of this age seemed 
to object to being in the lying position even for a moment and partly 
because they all objected to the slight coercion used to demonstrate 
the “game.” 

All the walking and standing tests were given on the floor if they 
weie not passed in the crib, because the crib mattress gave so diflScult 
a walking surface. These tests were better elicited by mother than by 
examinei. 

XII 5 Grasping at the Reflection of a Cracker in the Mirror. We 
used a small, ^-inch ball instead of a ciacker as the stimulus It is 
difficult to determine whether the spot the child reaches for in the 
mirror is where the icflection of the ball is, because of course the spot 
where the reflection of the ball is seen is diffeient for the examiner 
than it is for the child There is a question as to whether the child 
IS just patting his own image as in XII 4 (Observing His Image in 
the Mirror) rather than re.iching for the ball 

XII 7 Recalling the Chicken. This test, Buhlei says, is to be given 
before XII 8 Imitating Squeezing the Bali to Make the Chicken 
Come out. It seemed to us that tins was a needless precaution because 
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the same mcmoiy test given at highei levels has to come after imitating 
squeezing the ball anyway. In fiict, having tlie memory tests follo^v 
squeezing the ball seemed preferable because If the child knows how 
to push the chicken out his memory response is more easily scored; 
there is a definite activity, squeezing, as the criterion of memory, 
rather than just the decision as to whether he “looks qucstioningly.” 

XVIII 1 Understanding a Forbidding. It is recommended by 
Buhler that the child and examiner be engaged in play for “five to 
ten minutes” before the toy to be forbidden is intioduced. In our 
woik we utilized the previous testing peiiod and while the child was 
engaged in playing with blocks, drum, sticks, or some other toy, the 
examtnoi manipulated another toy The toy chosen should be one 
that the child h.ts not been playing with before oi tlie forbidding will 
have no point, it must be one the child Is not allowed to play with 
later or he is likely to show hesitation m playing with it Intei We 
used a toy like the rubber doll that was intended for earlier age levels 
but was still intcicsting to tliis age. 

XVIII 3 Climbing. Foi this test wc used a nuisery school chair 
with the seat eight inches from the floor The child held either the 
back of the chair or the crib for support 

XVIII 5 Finding and Taking a Ciacker fiom under One of Two 
Boxes. Here again we used a small ball (different from the one 
used in the menimy tests) instead of the cracker. Tlic criterion of 
success 18 aaid by Buliler to be the passing of tlirec trials Whether 
this is three of three trials, three of foui, or three of five is not 
stated. Wc credited only three consecutive initial successes. 

XVIII 10 Respecting the Work of Another. The diicctions do 
not state how long the child should observe the tower. Wc credited 
the test if he observed it a moment even if then he tore it down 

XXI 5 Putting a Watch to his Ear upon Command. Instead of 
using the words “Where is the tick-tock^” to get the child to put the 
watch to his own car wc used the words “You hear the tick-tock “ 
The watch was tied on a long string one end of winch t)ie examiner 
held. 

XXI 9 Fitting Two Hollow Sticks into One Anotlicr The two 
hollow sticks piovided would not fit together, so wc cieditcd merely 
the attempt to fit them together 

XXI 10 Placing Blocks on Top of One Another. The criterion 
for success with the blocks at this age is “The child places at least 
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two blocks on top of one another during a period of five minutes” 
(3, p 254). We were not sure whether tin's meant one block on 
top of one or two blocks on top of one, making a pile of three. A 
record was kept of exactly what each child did with the blocks One 
dnld at nine months, one at 11 months, seven of 12 children at 12 
months, and one or more at nearly every month level above that, 
piled one block on another at some time during their play. We gave 
no test to any child over 20 months of age. We conclude fiom these 
results, and also from the fact that the Merrill Palmer scale demands 
the piling of thiee blocks imitatively at 18 months, that the correct 
scojing for this test is thjee blocks jn a pjJe We used this criterion 
and scored piles of two blocks only as failures. 

From the meager data collected In this study for children of each 
month level on the tests of that level alone (six to 12 childien) no 
definite statements as to the placement of individual test items are 
justified We found several tests which were passed by all children 
of their month level and some passed by no child of their month 
level A full study of the placement of these items will have to 
await the testing of more infants. 

Evaluation or the Scale as a Whole 

The Biihler scale for the first and second years of life was selected 
for this study for several reasons. It contained many single test 
items for each test level. Its ratings weie in terms of developmental 
ages which aic easily comprehensible to lay peisons. The lack of 
rigidity of its standardization and the freedom permitted in the 
testing procedure weie considered to be an advantage in applying the 
tests clinically It was desired to learn how reliable and valid the 
measures of a child's ability could be, when obtained under such 
comparatively informal circumstances. 

In administering the scale we have found several disadvantages in 
its makeup. The peiishable, non-washabie materials are a handicap, 
especially when they come fiom the distance of another country 

There seem to be many frustiations, obstacles placed in the child’s 
way or toys m winch be has become interested withdrawn, to observe 
his method of adapting to them Each frustration aiouses the child’s 
anger or other negative reaction and makes the test difficult to give. 
The Biihler scale was compared m this respect with the three other 
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best known infant scales Of H5 items in the University of Cali¬ 
fornia scale fat infants (I), nine ate frustrations; of 64 items in the 
two senes of tJie Linfert-IIierholzer scale, four arc frustrations; of 
the 186 items of the Gcsell scale that are used for testing tlie first 
two years (6), 10 are frustrations Of 140 itenns m the Rubier 
scale, 27 are fiustrations. This scale, then, has more than twice as 
high a percentage of frustrations as .my of the otlicr scales 

The wide sc.Utci of chifdien^s successes is a disadvantage inasmuch 
as it forces the lengthening of tlic testing period No doubt, as the 
scale is used more, tests that may he slightly misplaced at present will 
be re-allocated and any scatter due to this cause thereby eliminated 
The very fieedom allowed in the .ulministiation of the scale is a 
handicap in that one can never be suic he is following instructions 
sufficiently closely The sc.ile ib not «it this point a scientific tech¬ 
nique but leaves much leeway for subjective judgment. In view of 
tins charactcjistic of the sc.ilc, the good statistic.!! results obtained 
with Its use aic suipiising 

In spite of tlicsc disadvantages, this study of ihc scale and Us 
probable icliability and validity as mdic.ited by the testing done on 
this relatively small group of cliildrcn suggests that the scale is well 
worth the effort of a thorough sMndarduation. 

Summary 

The Riililer Infant Scale was used m testing 78 infants from the 
Well B.'iby Clmic of the hospital The b.'ibies letiirnctl for retests, 
at intervals averaging four months in length 
The retest reliability coefficient for 44 cases, first versus second 
test, was .70i: 05 Theie weie changes as great as —19 or 4-46 
points in developmental quotients on retests of some individual ciul- 
dren, and ratings obtained on second tests were moic reliable than 
those obwiiicd on first tests Ratings seem to be fairly reliable but 
for individual predictions at least two tests should be given 
The Meirill Palmer scale was .administered to these children as 
they became old enough First-test ratings of 25 children on the 
Buhler scale agreed with their ratings on the Merrill P.ilmer to the 
extent of a coirelation of 37± 11, second-test ratings of IS children 
agreed witli their l\'Ierrdl Palmer test ratings to the extent of a 
correlation of .70± 09. When corrected foi attenuation these cor- 
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relations became .52 and .99 There is more agreement between 
ratings on this scale and on the Merrill Palnner than has been 
reported between the ratings of any other infant scale and a pre¬ 
school test. 

The average developmental quotients for these children from 
marginal and dependent homes were “high average" or "superior," 
suggesting that the scale may be too easy foi children of the geneial 
population There are indications that the group used for this study 
were actually above the average for their economic level The 
adequacy of the standardization of the scale can be tested only by 
studying a large and representative sampling of infants from all 
levels 

Disadvantages of the scale hcic mentioned weic the %vide scatter 
of successes necessitating a testing peiiod of an hour in many cases, 
the hiatus of n month between the eleven- and twelve-month levels 
for which no tests arc piovided, the number of flustrations in the 
senes, and the inadequate standaidization of administration and 
scoring 

Specific procedures were here described for some tests whose 
original instructions were equivocal 
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UNE ETUDE DE LA CONSTANCE ET DE LA VALIDITL DE 
L’ECHELLE DE BUHLER POUR LES ENFANTS 

(Risumc) 

On a employ^ I'EchcIle dc Buhlci pour les Enfnnts pour tester ct tester 
de nouveau 78 enfnnts La conatance du nouveau test dnns 44 cas, Ic 
premier test compart att second, a 6t6 de 0,70 mnis de ginnds chnngomcnts 
dca quotients de d^vcloppcmeiit sc sent montria dans les nouveaux testa de 
qiiclques enfanta individuels, re qm suggdre la necessity de deux tests avant 
qu'on fasse dca predictions individuellcs 
Les 6valualions dc 25 cnf.mts dans l« premier test sur l'6chclle cle Bnhlct 
ont donne unc correlation dc 0,37 nvec Iciirs Evaluations Merrill Pnlincr, 
les Evaluations dc IS enfnnts dans Ic second Ust out donn^ unc coir^lation 
dc 0,70 nvee Icurs Evaluations Merrill Palmer Ces correlations reprisentent 
un plus proche ntcord qii’on n'a rapporte entre lea evaluations dc n’importc 
quelle autre ^chcllc pour les enfants et un test prc-scolnirc 
Lea quotients moyens de developpcmcnt pour ccs enfnnts dc families mar- 
gmales et d^pciidnntes ont “moyens supencurs" on “supSrieurs,*' cc q\n 
sugg^re que I'echclic pent etre trop facile pour les enfants dc la popiil.itioii 
g6n6inlc II y n dos indic.'itions que tc groupe employ^ dans ccltc £tude 
a £te vraimcnt nu-dcssiis de la moyenne pour Icur niveau ^conomique On 
nc peut tester In suihsaticc de la standnrdisation cle l'6chcllc qii'.Tu moyen 
d'^tudicr un ^chantiilon grand et represcntatif dcs enfants de tous lea 
nlveaUx 

On a discutd les inconvenients de I'^chelle et les processus pour les tests 
sp^ciaux. 
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EINE UNTERSUCIIUNG DER ZUVEBLaSSIGKEIT UND 
Gt)LTIGKEIT DER BtJHLER KINDERSKAEA 

(Referat) 

Die Bulilcr ICindersk.ila wurde bei dci Prufiing und Wiederprufung 78 
JfJeiner Kinder angcwandt Die Wiedcrprufiingszuverlasaigkejt fui 44 Falle, 
der erste gegen den zwciten Test, war 0,70, abei es gab giossc Andeiungen 
der Etitwicklungsquoticnten bei Wiedcrprufungcn von cinigcn Kmdern, waa 
darauf hinwcist, daas die Notwendigkeit fur zwci Teats besteht, bevor 
ejnzeine Voj-bejsagungcn gemacbr werdejo konnen. 

Die Werte des ersten Tests der 25 Kinder auf dei Buhler Skala korre- 
licrteii 0,37 init den Merrill Palmer Wciten, die Werte des zweiten Teats 
der 15 Kinder korrelierten 0,70 mit den Merrill Palmer Werten Dieae 
Korrelationen Vveisen eine cngeie Cbercinstimmung aJs zwi'-tJaeii den Werten 
irgendeinei andeicn Kmderskala und emcm voxschulpflichtigpn Test auf 
Die diirchsclinittUcbcn Entwicklungsquotienten fur dieac Kinder aua 
achlechten und abhanigen Fomilien waren “hoher Durchschnitt” oder 
“tJhcrlcgcn,” was dninuf binweist, dass die Skala zu Icicht fur Kinder der 
allgcmeinen Bevolkerung scin mag Es gab Andeutiingen, dass die Gruppe 
in diesei Untcrsnchung tataachlich ubcr dem Durchschnitt fur ihr okono- 
misches Niveau stand Die Zulanghchkeit der Standardvsicrung der Skala 
kann niir diirch die Untersuehong gi ossei und vorstellendcr Gruppcn von 
kleinen Kmdern aus alien Niveaiis nachgepruft werdcn. 

Die Nachteilc der Skala und die Verfaliien fur besondere Tests wciden 
erortert, 

Huooard 



THE SOCIAL AND PSYCHOLOGICAL SIGNIFICANCE 
OF GESTURES (A DIFFERENTIAL ANALYSIS)* 

From (he Chteano Ctiy Junior Collcga 


Maurtcp H. Krout 


The first step in the analysis of any problem is a definition of 
terms The most important term, for our purposes, being gesture, 
wc shall attempt to define that first From everyday observation 
we know that gestures arc quick, sudden movements, and that they 
bear a certain kind of relationship to all other types of movement. 
Merely designating a gcstuie as a spontaneous movement is not 
to define it, howcvci. Evciy movement begins somcwlicrc, increases 
in intensity (hoivcver imperceptibly it may do so), sliows a diminu¬ 
tion of velocity, and cither becomes wholly blocked or deviates from 
the original direction and passes into some other typo of movement 

Movement is continuous, and the singling out of gestures >s not 
an easy matter. Tentatively, however, wc may agree to define the 
term gesture as a sharp and quick change m the spatial adjustment 
of the organism, beginning with a given postur.il set, or reduced 
velocity state, at any given time Thus conceived, it may be studied 
with reference to an mtra-organic or cxtra-org.inrc situation. In 
other words, wlicn a gesture is differentiated from movement-m- 
gcncral by the emphasis placed on the mof/e of change m the spatial 
adjustment of the organism, and its relation to a coircspondmg 
change in tlie existing situation, it becomes a unit of bchavioi which 
may be studied by the methods of objective psycliology. 

1. Frbnatat. Movements 

If gestures may be said to exist as muscle movements, they mnv 
also he said to be muscular adjustment patterns They are found 
m living organisms very soon after the stage of fertilisation, and 
they play an important role in the adjUxStments of the embrvo A 
recent study by Gonzales (8), based on tlie prenatal development 
of ovei a thousand rat fetuses, reports typical mtra-uterine move- 

♦AccoplGcl for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Ofhcc, June 17, 1935 
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merits, starting at tlic age of 14, and ending at the age of 20, days. 
The movements were recorded by a motion-picture camera directly, 
with stenographic aid, the fetuses being maintained under optimum 
physiological conditions. 

The study of rodents does not give us definite knowledge as to 
the development of the human fetus. Among the phylogenetic dif¬ 
ferences, differences in gestation peiiod are probably the most im¬ 
portant. An equally systematic study of human fetuses is, of course, 
impossible, but some work has already been done to indicate probable 
trends. Minkowski (16) studied human fetuses removed by Caesar¬ 
ian section at the age of two months. Mouth movements (lowering 
and lifting of chin) appeared as eaily as the third month of pre¬ 
natal life. By the fifth month the movements were quite definite. 
Theimal, tactile, kinesthetic, and deep picssuie stimuli were found 
to be effective. Combining 'the studies of Minkowski with those 
of Bersot, Bolaflio, and Artom, covering a total of some 50 human 
fetuses, Coghill (4) recoided the intra-uteune reactions for fetuses 
of different sizes. 

The studies of human and infra-human fetuses alike have brought 
out the fact that complex behavior is not achieved by the gradual 
summation of separate action units but by the expansion of an 
integrated organism, from which paitial patterns gradually emerge 
to become independent of the organism as a whole. Undei normal 
conditions, the supicmacy of the organism over these partial patterns 
IS continuous, and never ceases. Coghill holds that abnormality or 
perversion of behavior consists of an inappropriate degree of inde¬ 
pendence on the part of one segment of the organism or of one 
type of adjustment mechanism. Indeed, impairment of the nervous 
system, whethei experimental oi pathological, proves this by accen¬ 
tuating independent functions, and bringing subsidiary mechanisms 
into a position of relative dominance over the entire organism. 

To say that the differentiation of movements is abnormal, how¬ 
ever, is not to say that the development of specific function by a 
sort of analytic process is necessarily abnormal The differentiation 
of movements from an integrated total movement pattern is indeed 
the most striking finding of those who studied fetal behavior. As 
the integrated pattern expands, individuated movement patterns must 
come into play, Sherrington (20) long ago emphasized the presence 
of separate reflex movements, and Coghill (4) laid stress on the fact 
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that total movcmcrits ate picsent at the beginning and that others 
become differentiated from them. But it was left to Kuo (13) to 
explain that differentiation tikes place because total responses must 
become reorganized when they fail to meet new conditions, i.e, fail 
to adjust the organism. When Intra-uterine conditions become so 
complex that the organism can no longer adj'ust itself on some pre¬ 
vious, simpler basis, then diffcrcntwrion, or the creation of new 
behavior units, presents the only way out of the difficulty. 

Tins, liowcvei, is a tcmporaiy matter. Gonzales (8) points out 
tliat individuation of action patterns is not achieved through the 
breaking'up of total patterns but by an inhibitory piocess, whereby 
the pnmaiy or basic movements arc arrested and individuated pat¬ 
terns are leloascd The total patterns remain latent until, in time 
of recurrent stiess, they may be revoked hv proper stimulation. In 
other words, tlie organism ictains its .ability to net as a unit; so 
much so that even when the simplest individuated icdex pattern is 
in evidence, the total pattern still definitely dominates the movement 
(7) A permanent replacement of total patterns by separate patterns 
occurs only in pathological cases. Normally it is found in cases of 
temporary readjustment, before the realignment of patterns on a 
new basis has taken place. Normally, m any case, separate patterns 
do not dominate but, instead, arc dominated by, the total organismic 
patterns, 


II. Infantile Gestures 

Whatever is characteristic of tlic fetus is also characteristic of 
the newborn, except tliat, in the latter, the differentiation of total 
patterns proceeds more rapidly. For differentiation Is a function 
of cnviionment, and incicascs in proportion to increased complexity 
of stimulation. 

Most of the differentiated patterns of the neonate can be shown 
to be definite adjustment patterns. Let us take yawning, for example. 
One physiological explanation is that yawning begins with fatigue 
toxins generated in strained muscles, which cause cramplikc pains 
(14). A yawn, by forcing blood out of the veins of the neck into 
the general circulation, removes the toxins through the organs of 
elimination. In sleep, neither animals nor human beings yawn, be¬ 
cause, with the body in a horizontal position and the neck muscles 
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relaxed, tlic heart can supply one part of the body as easily as 
another. A yawning spasm may, however, grip the individual, 
wlicther human or sub-human, on awakening. 

Another possible physiological interpretation of yawning ascribes 
this leaction to well-known pressures in the circulatory system itself 
(17). According to this view, yawning is found in fatigued indi¬ 
viduals because their lower respnatory rate diminishes their oxygen 
intake. To the gaping of the mouth in yawning this theory ascribes 
an evolutionary significance, for fish open their mouths to pass more 
water through the gills, and thus to get more oxygen. This respira¬ 
tory theory merges into the previous ciiculatory theory, and both 
point in the same general direction 

These inteipretations illustrate the adjustlve significance of certain 
reflex acts, and indicate that individuated reflexes come into action 
when the organism can not otherwise meet the exigencies of its 
existence. Thus tlie pioccss of differentiation continues through the 
post-natal period very much as it had begun in the picnatal setting 
In the latter the trend of development is from gross totality to 
relative totality, from complete integration to integrated spcclall^a- 
tion. This lemains the gcncial trend of development throughout. 
Gloss totality is probably never achieved again, and tlie problem 
of the organism is a problem in integration of differentiated patterns, 
rather than one of summation of patterns to one grand total 

The problem of integration is a problem of consistency of differ¬ 
entiated movement patterns. This consistency of motor movements 
of animals, as Schwangart (19) has shown m a review of various 
relevant studies, and as Allport and Vernon (2) have recently 
shown in the case of human beings, is chaiactenstically piesent to a 
noteworthy degice In other woids, total organismic patterns are 
present regardless of the differentiation continuously taking place 
Some degree of inconsistency is, of course, also to be found in the 
behavior patterns of living organisms, for, even where growth is 
normal, previously conditioned patterns continue to manifest them¬ 
selves without being nccessaiily representative of the total organ¬ 
ism—that IS to say, without being related to all the conditioned 
patterns acquired in later life or being adaptive to the organism’s 
enviionment 

It is for this reason that much of the behavioi of the child, and 
especially of the infant, is S5nikinetic, that is, accompanied by all 
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kinds of accessory or random movements, Physiologists have gen* 
erally ascribed these movements to an overflow of energy as a by¬ 
product of metabolism. That perhaps explains why these reaction- 
patterns arc as varied as they gcner.sUy are. It docs not, however, 
explain why most of them gradually disappear, while some of them, 
like tics, are often slow in disappearing. Tlie oft-quoted case of 
Preyer (18) is an illustration in point. It deals witli a child who, 
having for some time used his hands to relieve an annoying itch, 
continued, after liis eczema had healed and disappeared, to scratch 
every time lie met a djsagiecahle situation. Adams (1) repojtcd 
the case of a seven-year old, who usually sucked liis thumb wlien 
tired and slecpv (itself an accessory movement), but was noticed 
to do so also when he had failed in some effort The writer lias 
observed children giaap and manipulate their genitals when obstructed 
in some task which they had undcitakcn, oi, when refused some 
request wliicli they had made Ciying is gcncr.illy a part of this 
adjustment pattern. 

These patterns are, clearly, vestigial adpisUneafs going back to a 
preceding stage In the transition from the prenatal to tlic post¬ 
natal environment, and from one form of post-nnt.sl development 
to nnotliei, the infant and the child may continue witl) differonti.ited 
patterns of bcliavior which had been earned over, without complete 
inhibition, fiom an earlier adjustment stage. In fact, it may be 
stated as a lule that, insofar as these differcnti-ited patterns continue, 
the individual is not free from caily tics In a sense, then, they 
arc a test of tiic motor achievement of the individual 

III. The Gfsturfs or a Ffral Man 

The rapidity witli which ihc individual acquncs liis movement 
patterns, .nnd the degree of consistency between tlicin depend, in 
large measure, on the environmental setting in which the individual 
grows up. For It IS the environment which not only conditions 
the formation of new adjustment patterns, but cffcctuallv iiiliibitb 
those which, serviceable m an cailier setting, have since lost their 
adjustment potency 

A human infant generally grows up In a social environment and, 
willy-nilly, becomes an exponent of the cultuial milieu into which 
he has been hoin and fiom whieh he has dciivcd his postnatal 
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adjustment patterns What of the motor patterns of an infant or 
young child who is deprived of human culture? The answer can 
be based on the known cases of feral man, one of whom—the Wild 
Boy of Aveyron—has come to be especially well known through 
the memoh left by Itard (10). 

For one thing, Itard records that the Wild Boy, whom he had 
named Victor, was "destitute of all means of communication and 
attached nerther expressrott not rntentroir to hrs gestures or to the 
movements of his body** (10, p 6). When he first came to know 
the Wild Boy, Itard found him manifesting a number of spasmodic 
movements bordering on convulsions Most of the time Victor was 
engaged m ceaseless swaying back and forth "like certain animals 
in the menageiic'* (10, p. 4). 

Shortly afterv^aids Itaid discovered that Victor was devoid of 
the usual sensory-motoi leflexcs. For example, sneezing could at 
first be evoked only after "the most energetic stimulation, and some¬ 
times by intense emotion*' (10, p. 19). Later, Itard records, "the 
least irritation of this oigan [the nose] provoked sneezing, and 
I judged,** he adds, "by the fright that seized him the hist time it 
happened that this was a new experience to him He immediately 
ran away and threw* himself on his bed” (10, p 30). Even so 
common an infantile pattern as sneezing evidently had no place in 
an environment which had not facilitated its use. 

Gradually Itaid succeeded in socializing Victor to the point where 
the boy began to babble. Babbling was gencially accompanied by 
numeious reflex acts, such as coughing, sneezing, and crying, the 
latter particularly being considered by Itard "expedient for the 
simultaneous development of tlie organs of respiration, voice, and 
speech" (10, p 30). 

Even less understandable automatisms occurred and were recorded 
with the fidelity of the scientist that Itard was When Victoi was 
forced to push or cairy anything, he was as likely as not suddenly 
to abandon it, "though it was neither haid noi heavy,” in order 
"to look at the ends of his fingers which were certainly neither 
bruised nor hurt, after which he would put his hand gently in the 
opening of his waist-coat" (10, pp. 18-19). 

Itard’s own explanation was that this "childish play’* was a de¬ 
mand for those "mateinal triflings” which call forth "emotional 
responses" in the young, and which Victor presumably was trying 
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to obtain from his preceptoi Tins explanation appears to be only 
partially correct, however, for we do not characteristically associate 
all the movements listed with the fondling process The value of 
this and other passages, therefore, must be taken to lie not so much 
rn the intcrpictations essayed by the writer as in tire accuracy of 
Ins observations depicting the scnsory-motoi development of ,i child 
in a non-social environment. The interpretations, as now seen, are 
best given in terms of differentiation and iiitegration of action 
patterns. 

Differentiation from a fundamental total pattern presupposes the 
assimilation of differentiated patlerns to the end that the organism 
may act with some dcgicc of consistency Tliat lacking, the differ¬ 
entiated patterns arc left dangling, that is to say unintegiatcd into 
the total oiganism, hut, nevcrtlicloss, capable of dominating it in 
the strange ways iccoided in this case. The iiiiuicoipointed patterns 
of the Wild Boy ueie piobably pattcins which had been conditioned 
in the feral milieu, but were found to be more or less useless m 
the now habitat into which he happened to be drawn, Tlicir iccui- 
rcnce under new conditions simply showed liow powerfully they had 
been conditioned, how slow was their extinction in spite of their 
failure to meet at least the external demands of tlie enviionmeni, 
and how completely the organism might be dominated by vestigial 
patterns in spite of tlieii failure to bring about adjustment, 

Thus, whether viewed in the picnatal, the neonatal, or in what 
we miglit term the acultuial, subject, the problem of unconventional 
gestures presents itself m much the same way. We find these 
gestures to be unconscious to the subject. We /ind them to be 
without meaning to the subject but, in the sense that they relieve 
existing tensions, rather obvious to the onlooker. We find that 
subjects of various species possess gesture patterns, in the stages 
under discussion, which represent movements differentiated, in the 
course of development, from the total organismic p.iticin, tending 
to become reintegrated into the selfsame pattern. Finally, \vc find 
these unconventional gestures to originate In the process of indivi¬ 
duation demanded by increasingly complex stages of development. 

IV. Conventional Gestures 

In the post-natal development of a human individual the culture 
of his group looms large. Naturally, this means that his post-natal 



392 


MAUKICE II. KROUT 


gestures are, to a large extent, culturally conditioned. To say this 
is not to presume that, because certain behavior patterns exist in 
the culture of an individual, those patterns must, of necessity, be¬ 
come the property of every individual in that culture. Such a pre¬ 
sumption ivould imply that there is a point-to-point correspondence 
between individual and cultural phenomena No such coirespond- 
ence exists 

Stirctfy spea/erng", mdividual behavior patterns and institutional 
patterns can not be compared. They can not be compared because 
they presuppose each other and, by various imperceptible wavs, entei 
into each otJier’s makeup. If there is such an entity as a biological 
organism free from cultural influence, we can best sec it m the 
famoUvS Itard case. Aside fiom such anomalies, and excepting vege¬ 
tating idiots incapable of communication, we do not know what a 
human being might be without cultural influence If there is, on 
the other hand, sucli an entity as group culture devoid of individual 
participation, we can not tell what it is, except in the esoteric sense 
in which wc speak of culture as a continuity independent of any 
one man’s contribution 

What we do know is that human individuals forever act in terms 
of these inter-personal situations which they have met and to which 
they have somehow reacted The social situations, in tuin, wc 
know to be determined by those reaction patterns of others, pre¬ 
viously m.inifested and fref|uently repeated, ivhicli we call institu¬ 
tional behavior patterns. The scheme of cultural conditioning runs 
somewhat as follows Pre-cxisting institutional patterns, unavoidable 
for human individuals, and preliminary to each instance of inter¬ 
personal contact, define, or become verbally conditioned, m the 
presence of human individuals, thus converting a mcie aggregation 
of human beings into a social situation, m which individuals act 
in accordance with the verbal intcipretation of the existing situation 
Every response m a social situation means conditioning of the indi¬ 
vidual’s behavior-patterns, and is thus the occasion for the formation 
of his personal habits. In this way the culture of the group affects 
individual behavior, but this, it will be noticed, is far from creating 
a point-to-point correspondence between individual bchavioi and 
cultuie forms. 

As a means to personal organization, m the sense described, the 
cultural milieu is an agency facilitating the formation of the indi- 
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vidufil’s movement patterns Culture, as saul previouslv, does not 
impose Itself on the individual in the sense that it fnaf!cs him do 
somcthinG; Neither docs it literally penetrate Ins skin and become 
part of his organism Culture merely represents the aggregate of 
patterns which most members of a given group actually manifest 
These patterns were once adjustment pattcins which grew out of 
individual conflict situations Conventionally stiindaidi/^cd gestures 
are one type of cultural pattern In the numerous instances in 
which they are used we shall espy persistent signs of conflict In 
the forms which they take vve shall, lienee, find the carmaiks of 
symbolic adjustment Let us turn to these gestures. 

Daiwin (5) Wa’^ among the fiist to remark that certain types 
of expressive niovernciit .uc to be found the ^voild over, various 
80'Callecl lacial groups showing rcmaiknhle similarity, though by no 
means identity, in regard to those movements He called attention 
especially to tlic shaking of the head as signifying negation and to 
nodding as a mode of affirmation. It is well known that such 
similarity exists in tlic language-signs of deaf-mutes the world over, 
M'^ho, without much difiicultv, can undcistand c.ach otlici, in spite 
of linguistic diifcrcnces. 

A gesture is a silent word. Speech and gesture arc of equally 
primitive origin lloth arc subordinate to thouglit and prior to it 
In spite of the existence of certain ovcilappmg symbolic forms of 
expression, however, the majority of the language systems and motor 
patterns of the peoples of the world remain ns distinct as arc their 
intcllectual-oiientation systems The mtclliKibilitv of tlic symbols 
of one group to the members of another is predicated upon the 
transfer of meanings b.ised on Hiosc facts, objects, and relations -which 
constitute the Iricduciblc minimum of social intercourse Beyond 
this, a one-to-one correspondence is rare, if not impossible. The 
symbols of tmppist monks vowed to silence, tlie secret signs of tlic 
Neapolitans of Italy, and of others of a local order, repicscnt 
systems which arc one-to-one equivalences of the normal systems of 
speech used in the cultures of these people, and, like the l.ittci, arc 
largely different from those of any other group 

Many prclitcrate peoples have gesture languages Some of them, 
like the Kurani of Southeast Australia, have never used it Eth¬ 
nologists have estimated, however, tliat there were over 100,000 
Indians who have used sign-languages at one time (9) Tlie Indians 
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had gesture language developed to a point of considerable complexity, 
the Cheyennes alone having elaborated a sign-language of 7000 
symbols (14). These languages involved the use of the arms and 
hands primarily Pointing to an organ often meant to refer to that 
organ symbolically, but sometimes also literally, depending on other 
elements included. By means of their signs, Indians of vastly differ¬ 
ent tribes have been able to communicate without difficulty, a fact 
of great significance in the history of both the and the 

Ameiican colonists 

Many and various are the forms of symbolic expression and com¬ 
munication among human beings. The ancients used cryptograms 
and hieroglyphs. Semaphore codes are highly technical and highly 
standardized, though also thoroughly artificial, systems of signs. 
Stock and gr.ain markets use figures, alphabets, and phrases expressed 
through arm and hand gestures, for speed in communication. Ideo¬ 
graphs and pictographs employed by Indians, vagabonds and yeggmen, 
gypsies, trappers, scouts, and hunters (the latter in marking trails), 
are all well known 

The use of standard gestures in codes, languages, and systems 
of these kinds depends on highly artificial symbolic arrangements, 
the origin of which is relatively easily traced to their historical 
fountainheads. The standardized modes of communication and 
control which cultures of various types possess, those gesture forms 
which are less understood than practiced, less traceable to their 
source than useful in tlic organized Hfc of human beings, are more 
important for our purposes than are all others, with the possible 
exception of sign languages 

Conventional gestures could be said to comprise other behavior 
forms implied in the teim social etiquette, such as buttering bread, 
cutting meat (which, in our culture, consists of some twelve oi four¬ 
teen distinct motor-movements), squeezing lemons, sucking lollypops, 
picking teeth, using handkerchiefs, etc Religious ceremonials in¬ 
corporate a great many gestural patterns; crossing the hands on 
one’s chest, in Hindu prayer; bringing the hands together before 
one’s face in Christian prayer; or supeiimposing the hands in front 
of the abdomen, in the case of Catholic priests Legalistic ceremo¬ 
nials could be used to demonstrate the same type of gesturing. Illus¬ 
trations in point arc tipping one’s hat to a flag, or the recently 
developed fascist salute. Professional activity includes a good deal 
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of gestuling, witness the movements of the machinist, the musician, 
the file clerk, the singer, the teacher, the medical man Games and 
pastimes certainly demonstrate numerous types of gestures and pos¬ 
tures, VIZ., tennis, golf, baseball, disc-throwing, etc. 


V PSEUDO-CON’VENTIOKAL GeSTURFS 

Pcrliaps tlie best proof in favor of the cultural origin of the 
motor movements listed here is the fact that, in our culture and in 
many othcis, there have been men and women who liave made the 
reproduction of characteristic gestures their temporary or permanent 
vocation. The Athenian sage, Xanthus, w!io liacl studied the art 
of public speaking and taught it to others, also had rules of delivery 
which had reference to gestures These gestures, of couisc, were 
standardized movements which were presumed to effect certain re¬ 
sponses in the audience 

Xanthus' advice as to moderation and grace in gesture indicates 
of course the probability of common cultural background in audience 
and speaker In addition to this, the production of these pseuth' 
iomesitional gestures seems to be contingent on two individual 
factors, fust, tlic ability to introjcct and reproduce the attitudes and 
habits of those who arc being mimicked, and, second, an anticipatory 
posture based on past observation and referring to the probable 
response of the onlooker. Artists of the stage and screen, of course, 
represent this calling at its best. However, wc find the hardened 
criminal "acting” the innocent lamb, the murderer of an important 
public official "acting” the martyr, the sclf-confcsscd hero posing for 
newspapermen, the grafting politician smiling benevolently upon his 
audience, etc. These posed, or pseudo-conventional, gestures arc 
marginal to the other gestures, deterramed by the cultural setting 
in the normal processes of social life, but they, too, are important. 

Of course, the success of one’s posings, m tlicsc cases—and this 
applies to stock actors as well as to '‘amateurs”—depends on the 
correctness and completeness of the obseivations made. Recently, 
for example, a certain moving-picture actress posed for a newspaper, 
demonstrating what she considered to be characteristic leg postures 
of women, and attempted to verbalize theii meaning Since the 
gestures with which she was concerned were not—througli cultural 
patterning —recognized by all the members of the group, her demon- 
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strations could neither be contraverted nor accepted. The fact that 
tile actress had to demonstrate and label the gestures proved the 
lack of conventional acceptance of their symbolic connotations. In¬ 
sofar as the verification of the gestures through the previous con¬ 
ditioning of the hypothetical average citizen seemed questionable, 
her attempt fell short of accomplishing its purpose as interpretative 
dancing. 

Somewhat different are the “talking hand” gestures of the Hindu 
dancer, Menaka, who has recently received considerable publicity, 
This dancer purports to introduce to Westerners the ancient, classical 
dances of old India, which she terms nrt^a dances. Menaka has 
stated that her liand movements are not merely accompaniments to 
the beating of drums, “but visual poetry in which every posture 
of the hand has dramatic and definite significance” These hand 
gestures aie adapted to the understanding of the natives of India, 
though not that of Hindus who have lost contact with their ancient 
religious dances, and thus can no longer “penetrate into the symbolic 
meanings of her movements ” 

“In India,” Menaka says, “every nautch girl who would d.^nce 
as many generations of her people have danced before her, is to 
learn a veritable dictionary of gestures. There are thousands of 
them, and every one means something definite and different, just 
n? the of the ajp)nl;ict arrnoged 'n words do ” To Menaka 
herself there are no less than twenty meanings expressed by the 
extended fingers of the closed hand alone “These meanings,” she 
says, “are conveyed by the manner in which the hand is held, or 
moved, and by comparing each position with preceding and follow¬ 
ing positions.”^ 

The impoitant fact, for our purposes, is that this hand-talking 
IS not casual and is undeistood, or presumably understood, by the 
dancer’s audience. She feels that she is riot a prima ballerina, in¬ 
venting esthetic configurations for cntertiunmcnt purposes, but, as 
she says, a “medium of expiessJon “ This type of dancing evidently 
is different from that of the dancer previously mentioned, who does 
not concede cultuial significance to the postures she enacts, but, 

^The references to Men.ik.n aic quoted, by pcrmiasion, from tUe American 
JVeekly, Inc, of July 22, 1934, 
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rather, claims special insight and achievement in her discovery. Both 
this and the other type of dancing, however, may be placed under 
tlie general classification of pseudo-convcntional gestures. 

The pscudo-conventional gesture is thus learned in specific per¬ 
sonal situations It is vividly conscious to t)ie actor, and undoubt¬ 
edly has meaning to him It is, furthermore, supposedly understood 
by the observer, though whether it actually is or not depends on 
the ability of the actor to anticipate the icsponses of otlicrs This 
gesture IS similar to that produced by special types of cultural 
situations, and, as such, may be regarded as at least temporarily 
integrated into a total personality structure The origin of pseudo- 
conventional gestures lies in the process of vicarious adjustment to 
difficult personal (noblcms often symbolized in such a way as to 
obscure the motivation involved. 

VI Thr op Conventional Gestures 

If woids arc auditory pictures, gestures .ire visual sounds. Visual- 
sound patterns arc not determined m the same way ns ordinary 
institutional patterns. Herbert Spencer has shown that, before 
sacred and secular icgulalions arose, there had been those vague 
foims of social control which he called "ceremonial,*' and which, even 
after the rise of ecclcstastical and political autlioritv, continued to 
shape and direct human conduct "The earliest kind of government, 
the most gcneial kind of government, and the government which is 
spontaneously recommencing, is the government of ceremonial observ¬ 
ance,” said Spencer (21) Ceremonial observance Spencer attributed 
not to authority, which itself would presuppose organization of some 
kind, but to the inodification of acts, as he says, ‘‘performed for 
pcisonal ends.” For example, the Tasmanians, devoid of govern¬ 
ment, except that implied m Ic.idersliip in time of war, and 
Esquimaux, who do not have anything like chieftainships, have 
definite tccliniques for symbolizing prcfcienccs, defiance, propitiation, 
and othei types of mtcr-personal adjustment. 

Gioiips begin with certain total patterns—that is to say, with 
certain consistent schemes of mtci-individual adjustment Gradually 
there spiing up ^Mrious gestuies which are not consistent with the 
major, picvailing, patterns of the group So pervasive are these 
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gestures, ns Spencer pointed out, that even total patterns, like 
ecclesiastical and governmental institutions, do not supplant, though 
the/ sometimes absorb, these gestures or “ceremonials” The con¬ 
ventional gestures which wc have been discussing are thus left-over 
adjustment techniques which persist m spite of the total patterns 
evolved by the group. In this way they parallel the vestigial patterns 
found in the early stages of individual development 

Spencer’s theory, as thus interpreted, does not give us any cues 
to the mechanics of differentiation That is to say, it docs not 
explain how the total social patterns Become differentiated into par¬ 
tial patterns which linger in social life because they find applicability 
m conflict situations in which individuals fall back on older methods 
of adjustment. Dashicll (6) has offered a plausible analysis of 
the mechanics of diffeientiation m social patterns. 

Whenever an impulse of an individual, he says, becomes obstructed 
by the act of another individual, so that the individual can not 
fieely operate, the response of the first individual must be an abridged 
one. In other words, the total pattern can not operate at all where 
It can not operate effectively, and differentiation is indicated. The 
other individual, having learned to interpret the perceived reaction, 
readjusts his behavior, thus making it possible for the first individual 
to fixate the partial response as an adequate adjustment for all similar 
future situations. 

Spencer has shown tliat partial patterns exist alongside total group 
patterns, and continue to function for a long time, automatically 
renewing themselves, and evidently unaffected even by such powerful 
trends toward integration as modern institutional forms have intro¬ 
duced. Dashiell and others Jiave reinforced Spencer’s position by 
showing that partial patterns—that is to say, conventional gestures— 
are conditioned in conflict situations, in which the function of the 
entire pattern is impossible If the history of the original situation 
in which the differentiation of the total pattern occurred could be 
traced in the ense of each gesture, wc might have a natural history 
of conventional gestures for each culture group The development 
of the soldier’s salute might serve as an illustration The process 
in this case appears to have been as follows; 
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Being struck down 


Prostration (falling] face down] 


Crouching 


Genuflection 


“Curtseying” 


Bowing 


Nodding head 


4- 


Lifting 


hnt 


Tipping hat 


4 ^ 

Touching hut 


Soldier's salute 
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The reasonableness of this analysis is confirmed by the officer’s 
return salute, often m the foun of a mere raising of tlic hand, which 
means' Risel^ It may be argued that this does not represent a 
developmental account, in that the “stages” are relative to diftcient 
situations But that is precisely the point. There is a gradual 
abbreviation of the original response, changing with the change in 
the situation demanding adjustment, foi each of the “stages” given 
had grown out of a different type of social situation. So diffeient 
are the successive situations here that less and less of the oiiginal 
situation comes to be symbolized in the gestural response. This 
then confirms the viewpoint adopted by us in legard to the vestigial 
nature of tlie gestures. 

The function of the conventional gesture is economy of effort, 
since it always takes the place of another, more extended, form of 
response The symbolic reference of this type of gesture is not so 
obscuie tliat it enn not be traced Given adequate lesourccs, in the 
way of historlco-cultural material, we can infer the original situa¬ 
tions which had called the gesture forth 

Conventional gestures, including gesture languages, symbolic codes, 
customary and institutional pattcins, are evidently acquired by the 
individual m the process of acculturation. They arc conscious or 
semiconscious (that is, easily capable of becoming conscious) to the 
subject, and always have some meaning (in terms of aim oi direction) 
to him. They are similar to the gestures of other subjects in the 
same cultural situation, and are thus specialized forms of adjustment, 
relative to the entire social structure of the group Conventional 
gestuies apparently have originated in the processes of social conflict 
and accommodation to a wore intensive form of cultuial existence. 

Because conventional gestures are directly perceived, recognized, 
and understood, they difici from all other types of gestures They 
aie social gestures, in a somewhat exclusive sense, since their sequels 
are alwaj'S clearly foreseen by both actoi and observer, and behavior 
following them obviously implies their existence. Because they 
possess high utility in the field of inter-stimulation and response, 


^Army men arc taught that ihe salute is a mode of address which 
originated in the age of knighthood when the visor was lifted in the 
presence of a friend While the essence of our inteipretation is not 
affected by this .ipproach, yet the analysis here employed appears to the 
writer more fundamental. 
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conventional gestuies have great survival value, and represent some 
of the most stable of gestural responses 

VII The Problem of Autistic Gestures 

It is well known that hunian individuals sometimes manifest 
gestural behavior which seems to have no definite meaiting either 
for the subject or for the individual to whom the subject is re¬ 
sponding At least, in terms of what precedes It we can not trace 
the stimulus, and, in terms of what follows it, we can not determine 
the diicction of this tvpe of hcliavior. Fuithcr, wc know that it 
has no evident adjustment value, and that it is unlike all other tvpcs 
of gestural patterns 

The same Xanthus who had recommended certain expressive 
movements in public speaking also recommended that speakers elim¬ 
inate "certain imperfections” due to faulty training. Among the 
various imperfections lie sought to eliminate were "useless gestures,” 
which he defined as "gestures not required hy the phrase, ” viz, "All 
vulgar gcstuics , such as thiowmg the folds of the toga over 
the back or lifting them as high as the shouldei,” "the hands on 
the lups, the fists m fiont, the hands ciosscd on the abdomen " All 
these, he said, were “indlcattons of negligence and should never be 
peimittcd " 

During a icccnt presidential campaign the wife of one of the 
candidates was picsent when someone delivered an address extolling 
hei Inisband’s virtues A newspaper reporter thus described lier 
behavior, as seen off-stage: 

Mrs Y did not say one word during the speech She didn't 
make one motion, save, occasionally, to open and close her fan, 
and once to fix her black hair, with that inechnnicnl gcatiire 
which women use when they arc thinking of something else 
And when the words (name of her husband} closed the speech 
and started the ciimulf, all that Mrs. V did was to shift in her 
chair and smooth the already smooth fold of her blue gown 

A womtiii, accused of murder but denying her guilt, was intcr- 
vietved bj a newspaper-reporter who later wrote up the interview 
in this way: 

Wheti asked point blank whether she knew the murderer, she 
hesitated, placed her hands to her forehead, and also at times 
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covered her eyes, but—after a few seconds—she repeatedly said 
she did not know the murderer 

A foimer president of the United States ivas reluctant to announce 
himself publicly on the candidacy of a certain nominee of his party. 
When he finally decided to emerge from obscurity to deliver an 
address in behalf of his party, he spoke calmly and earnestly of 
the achievements of the party, and when he reached the point at 
which he was to introduce Mr. Z., the nominee, he began; “The 
only man oualified for the high office is Mr Z.,” at which point, 
as the movie close-up showed it, he quickly withdrew his handker¬ 
chief from a back-pocket, and blew his nose heartily, if not becom¬ 
ingly. As he continued, the following irrelevancies came into view. 
"Wliat IS best for our country,” he said, and cleared bis throat 
three times; then, “The issue that has come into‘this campaign,” 
at which time he stopped to clear his thioat two times, then, in 
similar fashion, on rcacliing the phrase “intelligent voting” he cleared 
his throat once. When he pronounced the phrase “have been re¬ 
vealed” he swallowed hard, and when he pleaded with the audience 
“to support Mr. Z for re-election” he gasped visibly. 

It is not always that these gestures come in such brief, compara¬ 
tively simple, automatisms. Often they may be observed in series 
of various types. Here are two records of observations recently 
made. A street car conductor calling a certain street is seen going 
through the following movements: 

1. Strokes chin sideways with open palm 

2 , Shuts lips with Hnger 

3 Wipes nose with finger 

The time intervals between the gestures were approximately in 
the proportion of 3 3 *1 

A man observed on the street car dozes off, and every five minutes 
wakens with a start. The gestures observed, over a ten-minute 
period, are as follows. 

1 Places two fingers into closed fiat 

2. Withdraws fingers 

3 Replaces the two fingers in the fist 

4. Places three fingers in the fist 

5. Twists fist and fingers continuously 

6 Withdraws the three fingers 



SIGNinCANCr OP 01‘STURl’S 


403 


7 Places two fingers in the fist 
8. Quiet for a time, dozes off 
9 Opens fist and adds third finger 

10. Twists fist and fingers continuously 

11. Withdraws three fingers 

12. Places two fingers in the fiat 

13 Dozes off with two fingers inserted 

14. Lets fingers slowly slide out of the fist 

15. Wakens, and intertwines fingers of both hands 

The observation discloses a ccilain tendency to rhythm in be¬ 
havior, which IS of interest to us We note that the individual 
apparently distinguishes bct\vccn the “two-fingcrs-in-tlie-fist” move¬ 
ment and the “thrce-fingeis-ln-dic-fist” movement, since he behaves 
differently after the one from the way In which he bcliavcs following 
the other. Simply put, "two fingers” lead to a temporary inhibit/on 
of movement, while "three fingers” definitely lead to a variety of 
uncoordinated movements. 

To some extent, of course, this behavior may be likened to the 
behavior of a child, who, when alone, carries on a conversation, 
signalling to himself, grimacing, making manual movements, cliuck- 
ling, whimpering, and othciwisc showing the possibility of responding 
to intraorganic stimuli But the child’s gestures arc understandable. 
They are patterns which gain their meaning from the artificial situa¬ 
tion be has created for Jumsclf and the conventjonaj references of 
his responses The gestures here illustrated, however, can not be 
explained in terms of an existing situation or by reference to con¬ 
ventional patterns. 

Now these gestures are not merely of the self-directed, cgotic, 
as against the ego-altcr, type of bch.ivior. They arc not implicit 
responses, evidently, since tlicy do take place overtly, yet tlicy arc 
not the kind of explicit responses tli.at result from extra-organic 
stimulation. What wc are evidently dealing with here is a type of 
behavior whose chief characteristic is explicit response on the basis 
of an internal stimulus pattern. If there is meaning in this be- 
havior, it is because the individual alternately carries on a conver¬ 
sation with liimsclf and with a conversationalist. Eugene O’Neill’s 
attempt to present, in his Strange Interlude, individuals who con¬ 
verse alternately with othcis and with themselves is an important 
psychological venture; except that it disregards the obvious fact that 
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much of what we "say” to ouisclves (much of oui internal life) 
IS not vocal, oi even verbal, but somcsthetic or muscular In other 
words, much of our self-directed behavior is neither verbal nor 
verbalizable. The gestures here under discussion piovc the import¬ 
ance of O’Neill’s oversight. 

When die chief object of our behavior is communication with 
ourselves, we may be said to behave mtU^tically Bleuler (3), 
who ojjginated the teim "autistic thinking,” speaks of it as a form 
of thinking in which the individual’s attention is tempoiarily with¬ 
drawn fiom the external situation, thus making it necessary for the 
individual to express hrmself more rn terms of internal stimulation 
When an individual, inhibiting his direct response to an external 
situation, responds to subsequent internal stimulation exphnily, we 
have what wc may call miisiic gestures. Thus defined, they differ 
not only fiom the reficx movements of the infant and the well- 
established conventional responses, but even, in certain respects, from 
the responses of the child oi the adult talking to himself. None 
of these is characterized by the sequence (<?) extraoiganic stimulation 
(i) inhibited overt response to extraorganic situation (c) intra- 
organic stimulation and, finally, (d) explicit icsponse that is not 
evidently directed to the extraorganic situation from which the 
original stimulation had been dciived. 

These gestures, which wc have termed autistic (or sclf-diiected), 
differ from all other types of expressive movement—from prenatal 
movements, from infantile gestures, from abnormal tics and postures 
of neurotics and psychotics (11) This is not to say that autistic 
gestures differ fiom all these qualitatively, for they do have ceitain 
features m common with all other tvpcs of gestures and, indeed, 
with all types of movement. It might be an aid to clarity, however, 
if we were to build up a differential scheme in which the autistic- 
gesture group could be at once compared to and distinguished from 
all other tj'-pcs of gestures 

Such a schema may be constructed with the aid of four major 
headings, viz, non-social movements, conventional gestures, pseudo- 
conventional gestures, and autistic gestures These in turn arc classi¬ 
fied, for comparative purposes, with reference to the following sub¬ 
divisions, viz, mode of conditioning, conscious or non-conscious 
behavior pattern, meaningfulness or meaninglessness to subject (oi 
actoi), meaningfulness or meaninglessness to observer, similarity or 
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TABLE 1 

Non-socinl Conventional Pacudo-convcntiona] Autistic 


, lenatal, con- (Gesture Inn- 

gcnitnl, animal, giiagcs, symb-olic 

infantile, anti tocles, customary 

aciiltural move- niul institutional 

ments) forms) 

1. Learned pic* 1. Learned on 
natally or ac- post-natal level, 
(jiiircd through in gradual social 
maturation contact 

2 Non-consetous 2 Conscious or 

to subject semiconscious to 

subject. 


3 Meaningless to 3 Directly or 

subject symbolicnllj 

meaningful to 
subject, 

4 More or less 4 Generally un¬ 

understood by ob- derstood by ob¬ 
server server tn similar 

cultural setting. 

5 Similar to those 5. Similar to those 

of other subjects of other subjects 
of the same spe- of the same cul- 
cies, lural setting 


6 Differentiated fi. Sp e ci a 1 1 zed 
from total organ- forms of ndjust- 
ismic pattern in ment developed in 
normal course of the course of 
development, hut growth of body 
reintegrated into politic, but rela- 
total pattern tlve to entire so¬ 
cial structure 

7 Originate in 7. Originntc in 

the process of in- process of social 
dividuation dc- conflict and nc- 
manded by more commodatinn to a 
complex growth more intensive 
conditions cultural existence 


(Artistic, affected, (Occasional, self- 
and other socially directed symbolic 
directed move- movements, occur- 
rnents) ring in social 

situations) 

1. Learned in spe* 1. Acquired in 
cial social situa- pcrson.il conllict 
tions situations 

2 Vividly conscious 2 Non-conscious, 

to subject repressed, so far 

ns suiiject is con¬ 
cerned 

3 Directly or sym- 3 Meaningless to 
bolicnily meaning- subject. 

ful to subject 


4 Supposedly un- 4. Generally im- 
clerstood by observ- possible to ex- 
er 10 similar cul- plain by observer 
tural setting 

5 Similar to those 5 Unlike those of 
of certain special others in the same 
types in a given cultural setting, 
cultural BcUing. and of the same 

subject under va- 
rying conditions • 

6 Specialized pseu- 6. Vestigial ad- 
do-coiiventional and jiistment patterns 
pseudo-tharactena] unassimilnblc to 
behavior forms, at total personality 
least temporarily 

integrated mto a 
total pcisonnlity 
structure 

7 Originate in the 7. Originate in 
process of vicarious frustrated adjiist- 
adjusiment to dilTi- ments to personal 
cult personal prob- conflict situations 
kms in social life 


“It may be that there la only a quantitative distinction between autistic 
gestures, the tics of neurotics, and the stereotypies of psychotics This 
point, at any r.Tfo, seems to suggest an important diffeientisting ch.arac- 
teristic, qualitative in nature, for tics and stereotyped movements appear 
to be similar under different conditions 
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dissimilarity m comparison to patterns of othei subjects; relation 
to total pattern from 'which they had become differentiated, and 
theory of origin, Such a classification, at once comparing and dif¬ 
ferentiating autistic gestures, states the problem psychologically, and 
unifies the threads of our analysis up to this point. 

VIII. Tub Fundamental Nature ov Autistic Gestures 

When It responds at all, the human organism, hke all living 
organisms, responds as a whole. By saying this we mean that, 
normallvs the organism’s responses involve at once the skeletal, the 
visceral, and (because speech is fundamental to human life), the 
laryngeal muscle systems A given organismic adjustment, however, 
may be dominated at a given time by the skeletal (motor), visceral 
(organic), or laryngeal (implicitly or explicitly verbal) system of 
the oiganism Total organismic patterns may break up into indi¬ 
viduated patterns for purposes of moie adequate adjustment; but 
the break-up, or differentiation, is merely relative and not absolute. 
The organism retains its capacity for total response, even if, at a 
given time, its responses may be organized on the motor, organic, 
or verbal level primarily. When acting on one of these levels, the 
organism is not disintegrated (as it may become in pathological 
cases where fhe dommatio/j of one levcJ of adjustment becomes 
permanent), but merely integrated in a special way. 

Tlie gestures licre under discussion are inst'inces of organismic 
integration wherein ceitain cues may arouse organic changes or 
motor action which, only with certain refined procedures, can be¬ 
come defined in verbal terms. To say this is to dispose of futile 
questions as to whether gestures may be “purely physical" as well 
as "mental." The organism acts as a unit, and not alternately as 
a physical or mental entity. Furthermore, it acts as a unit con¬ 
tinuously, i e, even when it is dominated (normally) by one of 
its reaction systems. Thus there can be no activity which might 
properly be called irrelevant. All behavior is a function, first, of 
the organismic integration of the moment, and, second, of the 
situational stimuli involved 

As previously stated, wc have labeled responses with which we 
are now concerned auitsitc, because they do not seem to have direct 
reference to extiaorganic situations. Their nature, however, can 
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not be explained by the operation of physical as against mental farces 
but on the assumption that there is a shifting of the organismic 
integiation from the verbal to the motor or visceral levels This 
shifting always presupposes tnhtbUton of verbal components in the 
response and the consequent existence of what is known as the 
"abstracted state." 

The findings in studies which we have made recently indicate 
that autistic gestures are non-conscious responses (that is, iespouses 
in which there is no total organismic integration) which are ordin¬ 
arily modified by an attempt at verbal definition (12). Wlicn a 
total integration is present, as In conscious inhibition, autistic ges¬ 
tures arc reduced to a miinmum, and thus either become diffused 
and scarcely recognizable, or else lead to surrogate responses, such 
as verbal behavior, conventional gestures, frozen gestures (postures), 
or another type of autistic gesture replacing those inhibited by 
cortical interference An illustration of tins replacement was ob¬ 
tained from one of our subjects who reported that he had responded 
to the stimuli verbally (critically) before responding to tliem ges- 
turally, and that his gestures therefore seemed to follow previous 
implicit responses to external stimuli The difficulty here evidently 
explains the lack of success on the part of some subjects in certain 
of our preliminary experiments By inhibiting consciously the re¬ 
sponses to the stimuli, they obtained secondary (or indirect) responses 
in place of tlic primary gestural responses that might have appeared. 

Our experimental mass studies, intensive individual studies, and 
hypnotic-trance studies have shown that autistic gestures are rela¬ 
tively consistent behavior phenomena (12), But in speaking of 
consistency we must remember that, in the case of these gestures at 
any rate, we mean similarity of primary (or direct) gestures appear¬ 
ing in the abstracted state. The reason for tins consistency needs 
explaining. One explanation obviously lies m the consistency of 
organ or organ-system involved The latter is evidently also an 
index of the nature of repression and one of the cues that we have 
to gesture interpretation How do certain organs become associated 
with certain types of symbolic movement? The answer could be 
given either in negative terms, i.c., in terms of factors which pre¬ 
vent too wide a spread of gestural expression, or in positive terms, 
i e,, m terms of the conditioning of certain types of organ systems. 
We shall answer the question in terms which arc largely positive 
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We know that, in a conveision pheiioinenon, such as paialysis, 
n low-tcnsion area (aim or leg) becomes stabilized through some 
drastic inhibition induced by a conflict situation The reason that 
a certain organ becomes a low-tcnsion area is that it happens to fit 
into a behavior system winch offers leleasc through the channel of 
that oigan or organ system. Since the behavior system becomes 
conditioned together with the organ system on which it depends, it 
is dear that the process of conditioning contains tlie explanation 
which we are seeking. Occupational employments offer suitable 
material for illustration. The organs involved in the person’s occu¬ 
pation may also be involved m the conflicts of the individual, and 
since the movements, expressive of certain types of vocational adjust¬ 
ment, repiesent patterns which had become rigidly conditioned in 
the individual concerned, we find even autistic gestures following 
these pre-established routes Hcncc, a carpenter or tailor may be 
expected to gesture most mually with the hands, while a flutist or 
saxophonist may be expected to use facial or oial gestures most 
frequently. 

It would seem that tlicre are other than occupational factors on 
which gesture patterns may be said to be contingent The basic 
limitations imposed by what wp may leim stjucturnl (anatomical) 
conveniences, that is the greater suitability of one set of organs, 
rather than of another, to a particular type of symbolic message, 
can hardly be overlooked. If kicking the leg, for example, repre¬ 
sents rejection in a given case, the leg is surely a more convenient 
means to the end, because of condittonviffs associated with Ug aciioyij 
than smacking the lips would be 

However, the habit patterns of the individual arc more influential 
than are mere structural conveniences. This Is evident not only 
from our final statement in the paragraph preceding, but even more 
from the fact that some exceedingly uncommon, and even incon¬ 
venient, postures and gestures arc sometimes manifested by individuals 
seeking symbolic expiession Hence, it would appear that condi¬ 
tioned patterns, whether aiiatomicalljr reasonable or anatomically 
unreasonable, may be employed for the relief, if only in symbolic 
form, of an existing organismic tension. 

If the involvement of ceitain organ systems in given types of ges¬ 
tural behavior can be explained thiough the conditioned patterns of 
the individual, gestuie inteipretation ou^it not to be the difficult 
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matter that it is The reason that meiely knowing tlic major habit 
patterns of the individual docs not yet give us what is needed for 
the interpretation of gestuial behavior is that a knowledge of the 
liabit pattern of the individual meiely explains why he tends to re¬ 
sort to one, rather than another, general type of organ gesturing 
Autistic gestures, as we have picviously shown, originate m the con¬ 
flict of habit patterns to which \\e must turn in ordei to acliieve 
inteipietation. Meiely knowing that conflicts lurk back of tbe ges¬ 
tures IS insufficient, bowevei, for competent inteipretatioii of a given 
instance of gesturing We must have a situational cue temporally 
connected with the gcstuie, as well as a primat)/ gesture which 
appealed in the abstracted state, before we can begin to seek inter¬ 
pretation 

IX. Summary 

1 A gesture is defined as a sharp and quick clinngc from a given 
postal al set or rcduced-vclocIty state, producing a change in the 
spatial adjustment of the organism 

2 In the embryonic organism there is found a dificrcntiation of 
new movement patterns from total oigaiu-^mic patterns, in which the 
new bcliavior units normally retain then relationship to the total 
patterns and continue under their dominance These differentiated 
patterns cany over into the post-natal stage in the form of “random 
movements “ 

3. Certain caily post-natal reflexes not integrated into the total 
movement patterns of the infant may be icgardcd as vestigial adjust¬ 
ments continuous with the prenatal movement patterns. These re¬ 
flexes constitute the basis of the conventional and autistic gestures of 
later life. 

4. Tlic gestures of a fetal man confiim the hypothesis that differ¬ 
entiation of movement patterns is relative to total patterns in anv 
given stage, but many continue as vestigial remains, even in the later 
post-natal stage, without reference to the total integration at that 
time 

5 Conventional gestures aic differentiated movement patterns 
which are socially conditioned togcthci with verbal equivalents giving 
them a certain aibitrary expediency as adJu^tmc^t mechanisms They 
are directly perceived, and then sequels aie clearly foreseen by both 
actor and observer 
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6 Pseudo-conventional gestures, so named, are a form of condi¬ 
tioned bchavioi employed for non-veibal communication of standard 
meanings in artificially created situations. They are therefore a 
species of conventional gesturing. 

7 Autistic gestures, so named, aie vestigial responses wlijch are 
seemingly lr^elev.^nt to the situations in which they occur, evidently 
directed to the actor himself (hence, autistic), and not verbally 
defined either by actor or observer 

8. Autistic gestuies arc easily modified by attempts at veibal defi¬ 
nition, and thus can be observed most typically in the "abstracted 
state," in which verb.il components are inhibited 

9. StiuQtuial (anatomical) "conveniences,” the habit patterns of 
the individual, and situational cues determine the specific type of 
movement pattern which a given gesture represents 

10 The ultimate source of gestural meaning lies in the conjltct of 
liabit patterns and the response to a prc-cxisting situation which be¬ 
came inhibited in the resolution of the conflict 
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UNE ANALYSE DIFFCRENTIELLE DU CHAMP DES GESTES 

(Resume) 

On pent definir let gestes commt dcs changements brusques ct rapides 
dans I'ndaptAtion spatinle d’un organlsinc Lcs gcslcs ici consideres sont 
pns duns le cliaiiip du comporicincnt prenatal, (lit comportement d’lin Iioincnc 
saiivage, du compoiieincnt pseiido-conveniionnel dcs actciirs, dcs oratcurs 
publics, dcs dnnseurs, etc, it cnbn, dans cc champ neg1ig6 dcs mcuivcinents 
symboliques iti ncmm6s gestes autisiimtes On dccrit ceux-ci comine r6- 
ponscs non-conscicntes, n’ayani aiiciine relation, pnrnil-il, avee la situation 
oil ils sc trotivcnt, ct dvidcminent dinges i\ i’lnilivulii hii-mCmc (done, 
aiitJsHqites) On t?e pent Line aiicunt li''-nc de dejiiilrcadoll bull defltiie 
entre les gestes autlstiques et Ics nutics types de gestes, enr tons Ics gestea 
ont dc certnmes siinilnnt6s cn coinmnn. II y n d’aillcurs dc ccrlnins fac- 
tciirs (liflfcientiels, qui plncint les gestes nutistiqucs dans tine clnssc spccialc 
Ccs gestes, comme montre par quclqucs-imca dcs cxperiLiices dc I’nuteur, 
tiouvcnt Icur onguie dans Ics conllits dcs formes dcs habitudes Pour Ics 
irucrprcier, cepcncKint, il n’est pas suflisant sculcment dc savoir quo des 
conflits se tiouvcnt avant ces Kcstes, II faut avoir un rtp6re de situation, li6 
tempoiclleinent au geste, nvont de commcnccr h clierchcr I'lnlerpretation 


Khdut 
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EINE PIPFERENTIALANALYSE DES GEBIETES DER GESTEN 

(Referat) 

Die Gcsteti tluriten als schartc, schnelle Veranderiingen m der raumlicheti 
Anpassung des Organiankus definiert vrcrdcn. Die hier betrivchteten Gesten 
werden ana dcm Gebiet dea Verhaltens vor der Geb^irt, des Verhaltena 
eines wUdcn Mannes, dca konvcntionellen Vcrhakcns normalei Menschen, 
deg pgeiiclokonventionellen Veihaltcns von Schauspielern, ofFontlichen Red- 
nern, Tanzcrn, nsw , und schhesslich aus jcnem vernachlassigten Gebiet der 
symboliscbcn Bewegungen, die hier ala aultsUche Geslcii berei'chnet werden, 
a\isge|csen Die letzteren werden ala mehtbewusste Re.'iktionen bescluieben, 
die scheinbar belangloa fbr die Situation aind, m der sie voikommen, imd 
die schcinbar gegen das fnclmdiiura aeibst (daher autistisch) genchtet 
werden Keine achnife Lime del Abjsren/ung zwiseben autistisclien und 
nndcren Aiten voa Gesten katin gezogcn werden, denn alle Gesten haben 
gewisse Ahniichkeiten gemcmaam Es gibt aber gewisse DifFei entialfafc- 
toron, die die autistischrn Gesten in pinc besondeie Klassc stcMen Diese 
Gesten, wic cimge der Experiment des Aiiiora gezeigt haben, nehmen ihren 
Urspning m den Konflifcten der Gewohnheitsgcbilde Das blosse Wissen, 
dass die Konflikte diesen Gesten vorangingen, ist aber unbedeutgam fur 
ihre Deutung Wir mussen einen Situationslingcrzeig haben, der nut der 
Gebarde zeitiicli verbiinden tst, ehe wir anfangen, nach der Deutung zu 
suchen. 


Krout 
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The original puipose of this study was to dctciminc the extent 
to which pitch disci imination of diatonic intervals could be co- 
oidiiiatcd with simple motor habits in melodic reproduction by young 
children The natiiie of the caily results, however, rapidly turned 
It into a mme gcneial evpenment in musical tiaining Though tlicy 
offer too few quantitative data for detailed statistical tiealnient, the 
results aic piesented for their value in suggesting a nuiubei of future 
experimental possibilities They likewise piovide .in interesting 
comparison to the numerous studies on vocal performance in the 
young child Genetic studies of music among children nrc almost 
exclusively lestrictcd to this latter medium. Thus the results of 
Werner (16), Brohmer (J), Nestelc (ii), Hissem (6), Jersild 
(8), and othcis, are based on vocal production or vocal iepioduction 
of tones or melodics Rupp (15) and Revesz (13) used both voice 
and instruments, but their subjects were in general older than the 
preschool age There is no question, of course, that vocal per¬ 
formance appears very early as a potential step m musical behavior. 
Indeed, if the Spencer thcoiy of tlic origin of music from SDCccb 
be accepted, then any of the early vocalizing patterns must be re¬ 
garded as germinal melodics. There is, however, definite evidence 
that speech as a utility is very carlv scpaiatcd from tlie child^s con¬ 
cept of music. In this experiment, as in Brehmer’s, the average 
child usually went to the exticmc of excluding singing proper from 
his idea of music The song was "music” if played on an instrument 
either sepaiately oi in accomp.uumcnt, without the instrument, it 
was not "music," but nieiely "siiiging”! That singing may be the 
most natuial and effective way of approaching musical training is 
probably not to.be questioned. The primitive "circular response" 
nature of the aural-oral relationship, both structurally and func- 

•Acccptcd for piibluation by Carl Murchison of the Editoiinl Board and 
received in the Editorial Ofhee, March 22, 1935 
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tionally, seems well agreed upon. Rhythm, likewise, both spon¬ 
taneous and imitative, occurs very early, as demonstrated by the 
authoi's experiments with percussion instruments (2). The piescnt 
study IS the first of a systematic scries to investigate the less known 
domain of atiditoi}f-manual cooidination From a psychological 
viewpoint, It undertakes to lelatc the known manual (digital) capa¬ 
cities, the known imitative tendencies, and the aural perception span 
of the preschool child to musical action. It has to do not merely 
witli "listening" or “receptive" responses, nor with discrete “tests" 
of isolated sensory capacities, but rathei with the perception, reten¬ 
tion, and execution ot music’s most elementary unit, melodic pattern 
The simplest melody is, however, far from a simple "gestalt." Its 
perception piesupposes the moic basic factors of pitch discrimination, 
direction, and "distance" or interval between successive units If 
it is a tiuly musical pattern, rather than a chance succession of 
tones, it is at once likely to involve all the complications of harmonic 
relationship or "tonalitv," although whether such feeling is estab¬ 
lished in so young a child is not yet known That such dynamic 
factors as motivation, emotion, matiiiation level, etc., are also in¬ 
cluded IS quite obvious. The cxpciimcntal situation, therefore, ex¬ 
cept foi its extreme musical simplicity, seems analogous to the situa¬ 
tions in later tiaining, which despite all substitute cffoits remain 
the one infallible test of musical talent 
The first part of the work was done in a private nuisery school 
run on standard Mcnill Palmer daily loutinc. A piofcssionnl in¬ 
structor in wind instruments acted as experimental assistant. The 
subjects weie 16 chikhen, eight of each sex, between and 4j4 
years of age They weie selected on the basis of close chrono¬ 
logical age, and close "mental” age as indicated by the Gesell and 
Stutsman norms. Then high social status was relatively homo¬ 
geneous, the parents icpiesenting almost entnejy the learned pro- 
fe«sions On the other hand, the musical backgiound vaiied con¬ 
siderably from two homes with little oi no musical atmosphere to 
those in which one or both paients wcie highly trained as pci formers 
The instrument used in the expeiimcnt was the common tin fife, 
retailing at 75 cents, and consisting of six liolcs which by manipu¬ 
lation produce tlic complete scale of C-raajor thiough seveial octaves 
in not too pool a tonal quality. It was selected for seveial reasons 
Its small .size and ease in handling, its inexpensive natme foi class 
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supply, the relative simplicity of its tone, the simplicity (and to 
most children the novelty) of its technique We desired especially 
to avoid the mechanically determined pitches of the keyboard m- 
stiumcnts With the fife, it is possible to get several cliffcient tones 
with the same fingeiing or combinations of fingering, by simply 
changing tlie force of blowing—a concept faiily easy for the small 
child to grasp. The manual technique requires that the fingers be 
placed secuiely and tightly over the holes to maintain any given 
pitch This likewise is well within the motor ability of the tlirce- 
year-old as daily shown in play rccoids and various developmental 
“tests “ Whether oi not the child would oi could coordinate tliem 
undei auditory control and musical motivation was another question. 

The oiigin.il proccduic was to determine how much progress could 
be made in one semester months) with two daily class cliiils 

of 15 minutes each, with group instiuction Needless to say the 
length of the drill was forced to vary somewhat according to the 
daily changes in interest, motivation, and attmtiun As the interest 
of one or mo/e indiv/du.ils lagged, tliey were allowed to turn directly 
to otlier activities If the attention as .i wliole lagged too much, 
the lesson was discontinued and the experimenters played simple folk 
tunes (other than the experimental pattcins) as a stimulus toward 
the next occasion. After six weeks the great differences in individual 
stages of development made it necessary to divide the class into an 
advanced and a less advanced group Eventually it was necessary 
to discard gioup instruction altogether for individual lessons The 
experimental procedure may be classified into the following geneial 
divisions. 

1 Introduction to the instrument Tlic first tlirec periods were 
devoted to demonstiations by the experimenters (old Englisii, Gallic, 
and German folk-songs), to very elementary “explanations" of the 
principles, and to free manipulation by the children. The school 
staff cooperated by devoting a d.iily period to such stones .^s Pted 
Pipet, The Magic Fliife, etc A very marked tlegiec of interest 
was thus generated in the beginning as a motive for subsequent 
“disciplines “ 

2. The second step gradually introduced “blowing" drills for 
the mechanics of posture, breathing, fingering Ordinary presenta¬ 
tion of the problem was of course hopeless, and before proceeding 
very far, a definite and permanent terminology based on an elemen- 
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tary perceptual and linguistic level had to be selected Of all the 
various systems tiied, one was effective; “Open tone, with no fin¬ 
gers,” closed tones, with “fiist finger on the fiist hole, second finger 
on the second hole,” etc. These had veiy literal meaning wheieas 
the symbols c, d, c, or even do, le, me, had not 

3. The third step was essentially a series of games in “matching” 
pitchesj with the method cleaily explained and visually demonstrated 
by the expeiimcnters Since a tendency to imitate the motor per¬ 
formance of the adult, regardless of pitch, was quite evident, the 
childien’s attention was repeatedly lefocuscd on the importance of 
the “listening” part Singing or humming the tone, since it occurred 
so often spontaneously, wa& encomaged as an incidental aid to ear- 
training 

4. Tins consisted of three different kinds of pitch discrimination 
“test," likewise incorporated in games. The visual cues were now 
lacking, since tlie expeiimcnters produced each tone from behind a 
one-way screen. In the veibal scucs, the child was asked whether 
two successive tones were the same, or different. In the second 
series, in which the expeiimenters played “close” simultaneous har¬ 
monics, he was asked how many fifes were played. In the third, 
01 manual senes, he tried to match through Ins own efforts the pitch 
played by the experimenter. The intervals used in the first two 
series were calibrated against adjustable tuning forks as follows 

Tiial 1 vd 256, 288, 272, 26+ 

Trial 2. vcl 288, 320, 304, 296, etc. 

The first tone was matched with each of the others successively 
Due to restiicted time, however, the larger diftcrenccs of End 
tone were substituted In the thiid series, only the diatonic in¬ 
tervals of the C-major scale were used as stimuli, since those weic 
the pitches learned in all preliminary.motoi training. TJie cntciion 
in this last senes was the child’s own assurance that he had really 
“matched” on his own fife the “hide-and-seek” tone behind the 
screen. His tone was then recorded in musical notation in terms 
of standaid chromatic intervals, or if smaller than these, it was 
recorded as double-flat, double-sharp, etc. In a moie extensive ex- 
peiimcnt, mechanical recording would, of course, be desuable In 
this preliminary study, the independent notations of the two cxpei- 
imenters (both conservatory graduates) varied m only four judg- 



FIGURE 1 
Mewjdic Pattlrns 


No 1-11/—preliminary or practice patterns, 

No Ill-IIIi—spontaneous vocal mdctlica (Stern ) 
No llle. III//, V—asymmetrical progressions 
No IV—vocal Urmotivcn (KoniE» Stern, Werner ) 
No VI, VII, XI—folk songs 
No VIII, VIII/J— 'Mozart's “erstes Lieciclicii ” 

No IX, IXfl—Sthumann’s “Solilaten M.irsch” 

No X, Xa —J S Bach, “Minuet" 
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mCnts, all of which involved diffeiences of less than a quarter-tone. 
In addition to the specific data sheets, descriptive behavior protocols 
were kept by vailous trained students in the school, in an eftort 
to get at the “dynamic** phases of musical behavior as well as 
quantitative learning. 

5 The fifth step introduced simple two-unit diatonic “finger- 
games,” VIZ c-d, c-d, c-d , e-f, e-f, e-f , e-d, e-d, e-d 

. ...etc, witli a gieat deal of repetition and the gradual intro¬ 
duction of “counting** rhythms in 4/4 and 2/4 time 

6. The final step, and the leal point of the experiment, was 
the application of this preliminary training to melodic reproduction 
These data were also recorded in staff notation, double flats and 
sharps again seeming sufficient to indicate intervals smaller than 
half-steps. The end criterion, however, as summarized in Table 1, 

_ THBLE 1 ___ 

Subjects 1-12. 

Total number of ensemble drills 140 

Average number of ensemble dulls per subject* 130 

Average number of individual drills per subject 29. 

Subjects 13-14 (dioppcd at end of 9th week); 

Average number of ensemble drills 90 
Aveiage number of individual drills 17* 

Subjects 15-16 (dioppcd At end of 6il) week). 

Average number of ensemble drills SO 
Average number of individual drills. 12* 

•These individual lessons to the four least talented children were given 
on the side during the period of their group participation, since it was 
hoped that such extra prompting would keep them abreast of the others 
in ensemble work 

was the number and kind of melodics “learned” m the applied 
musical sense, viz, correct number of units, correct harmonic se¬ 
quences, correct pitch (within or at most tone) Tempo and 
rhythm were noted down, but not used as melodic enteria. While 
this system excluded a vast border area of far and near “variations" 
it seemed no more rigid than was necessary to compare learned skills. 

Melopic Patterns 

In the course of the experiment, some 25 melodic figures were 
used as patterns. Aside from the "finger-games'* earlici described, 
and the early three-unit patteins (l-3</) all melodies were carefully 
selected from true musical sources, or from such experimental sources 
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as Stern, Kdnig, and Brchmer. (See appended notation ) Chro¬ 
matics, accidentals, modulations were avoided. Appogiatura, trills, 
etc , were omitted With the exception of a few melodies m F-major 
and G-major containing no sevenths, all those written in other keys 
were transposed to C-major. As it soon became apparent tliat tliose 
patterns involving inteivals beyond the sixth were too difficult for 
the group as a whole, the number of stimulus patterns was re¬ 
duced to 12. 

Rgsults 

Due to the limited number of cases and the qualitative nature 
of the experiment, statistical coirclations seem irrelevant Table I 
indicates certain gross rclationsinps among die more important items 
It IS based on data from the procedures dosciihed earlier, and hcie 
summarized in their essential aspects fioin die following 16 subjects 

In the first column of Tabic 2 aic listed the 16 subjects in rank 
order of attainment (number of melodic patterns learned). Column 
2 indicates the specific patterns Icaincd by eacli individual subject 


TABLE 2 


Subject 

Melodic patterns 
learned 

Pitch lest 
(verbal) 
Percent 

Pitch 

test 

(manual) 
Per ceat 

School 

ratings 

Experi¬ 

menters' 

ratings 

1(A) 

Experimental setics 
1 - 12 , additional - 6 

90 

80 

A— 

A + 

2 

4, S, 6, 7. i, 

9, llrt 

70 

65 

A 

A 

3 

1.3i, 4, 4fl^ 6, 7, 

8, 9 

60 

55 

C 

A— 

4 

l-ib, 4, 6, 8, 9, llo 

65 

SO 

n 

U 

S. 

l-3i, 4. 4n, 8, 9 

60 

«0 

A— 

B 

6 

l-3Zr, 4, 4ff, 6, 7 

55 

41) 

U 

B 

7 

l-3rf, 4, 4fl, 6 

45 

SO 

C 

B— 

g 

l-3^r, 4, 5, 6 

5S 

40 

11 

C 

9 

1-3Z>, 4, 4n, 6 

in 

35 

A— 

C-l- 

10 

4, 4r? 

15 

35 

C 

B— 

tl 

l-3i 

35 

20 

B— 

C 

12 

l-3fl 

V5 

30 

C 

c 

13 

dropppd 

1-2/ 

25 

10 

C— 

D 

14 

dropped 

l-2c 

30 

10 

C— 

E 

15 

dropped 

l-2fl 

20 

5 

D 

D 

16 

dropped 

\-2a 

35 

2 

D 

E 
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Column 3 represents the percentage of coiiect answers in the verbal 
pitch-discrimination test (with difteicnces of and tones only), 
column 4 the percentage of correct responses in the manual test. 
Column 5 is probably fortuitous, since it repiescnts the judgments 
of the nursery scliool staff as to the musical behavior of the children 
prior to the experimental period. No one on the regular staff had 
more than a very elementary training in music. Column 6 repre¬ 
sents the efforts of the expeiimenters to evaluate “dynamic” factors 
in behavior such as “interest,” volition, enjoyment, etc., during the 
entire couise of the experirnent. 

Conclusions 

Pitch Disciijnhtaliofi, As stated in the beginning, the experiment 
proved too complex for reliable data on the sense of pitch Indeed, 
to isolate this factor pci sc among young children, it would seem 
that only as objective a technique as the conditioned icflcx is really 
adequate. The cliart does show, at least in its extremes, some evi¬ 
dence of a positive iclation between the pitch “tests” and the musi¬ 
cal performance Tlic manual test shows the more consistent cor¬ 
relation, although its difliculty makes the actual hguics lowei Data 
from the second test arc omitted from the chait, because the auditory 
effects of simultaneous tones seem hardly comparable with those of 
successive single tones It is of passing interest pcihaps that “close” 
haimonies with pronounced beats were raicly called “one,” but 
rather several “notes,” whereas octaves, fifths, and fourths were fie- 
quently confused with unisons If reliable at all, such answers af¬ 
ford genetic confiimation of the perceptual simplicity of these same 
intervals among adults (3). 

Relation of Melodic Pnttern to Leatning In geneial, four com¬ 
ponents in a melodic figure seem largely to determine the child’s 
success in learning it. These are (1) number of pitch units, (2) 
the size of the inteivals, (3) the dnection of the pitch clianges, 
(4) the degree of symmctiy The fiist factoi seems amply illustrated 
by the abiupt diop in Icaming with patterns Ic and 2(1, which intro¬ 
duce more tlian four units, although the inteivcil range continues 
within a major thiid The noimal auditory digit sp.m, as determined 
by Teiman’s levised Binct tests, is thiec units at the thud-year level 
and four units at the fourth-yeai level, five units at seven yeais, etc 
While it might be tempting to correlate our data with these ciitcria 
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and attjjbutc tlie sudden leaining plateau ivJth these pattcr/is to tlie 
child’s limited acoustic span, the vocal reproduction of melodics docs 
not bear out its validitj' Fuitheimoic, the results from oui more 
talented subjects show definitely that melodic memory is not identical 
with acoustic span In some instances a melodic figiiie of 10 units 
was coriectly rcpioduced on the fife at the first or second trial 

Certain general tendencies, pcihaps of a fundamental type, seem 
similai to those found m vocal lepioduction by young cluldicn. 
These concein the other three factois picviously mentioned, namely, 
direction, inteival si/e, and syinmctiy Ascending intervals are 
easier tlian descending ones and diatonic piogicssion seems to be vciy 
much simpler than laiger skips. No chiomatic patterns wcic used as 
stimuli in this txpeiiment. The first plirasc in the Mo/art song 
(Ex 8) was learned moie quickly than the scconii, even when tlicir 
Older was experimentally rcveiscd In the simplei pattern of 3b, 
the ascending tuad was correctly learned in much less time than the 
descending tuad, even when icvciscd in order Tins may pos¬ 
sibly indicate some feeling of "tonality,” with the lower tonic as its 
fundamental base However, if the triad pattcin were "reduced” 
to an ascending and descending thlid, as in 2 and 2n, no such marked 
difference in dirccttoii error was apparent. Again, if the fi/tli were 
reached diatonically {Examples 3» 3fl) instead of by greater jumps, 
the accuiacy of its pitch was gicatcr than in example 34, and veiy 
much grcatci than svlien it began .i melody (Ex. 8rt, 10, 11). While 
these results may well be attributed to the manual difficulties of the 
mstiumcnt, some of them aic closely similar to those observed by 
Brehmcr, Ortmann (12), Revesz and others in the vocal rcpioduc- 
tions of cliildien. Oitmann found that the frequency of error varies 
diiectly with the pitch distance of a given interval. In his opinion, 
all tiaining should be from Miialler steps to largci Revesr- states 
that some intervals such as the major seventh aic very haul even for 
mature subjects to icprodiice In the present cxpciimcnt, the de¬ 
scending fifths and octaves in the Bach Mcnuct (Ex 10) and the 
ascending fouiths in Ex 12 (Schumann’s Jageiliedschen) pioved 
quite beyond the ability of all subjects excepting one, Subject A 
And even m A\ ieproductions the intervals were often diminished 
cither by flatting the G, di sharping tlie C, or sometimes both, 

'riic importance of symmctiy as an aid to leaining seems well il¬ 
lustrated in examples 32», 3c, and 3ti The fiist pattern ivas learned 
correctly by seven subjects, the second by only three, and the last 
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by only one. The poor “musical" structure of these melodies, in 
isolated repetition, may account for some of the difficulty in learning 
them In Ex. 5, however, the second measure took twice as many 
repetitions as the first measure, although tlie Intervals themselves 
are not more difficult 

A glance at column 2, in Table 2, will show at once the relative 
difficulty of the various patterns Based on (1) the number of sub¬ 
jects who failed to learn them, (2) the total number of periods re¬ 
quired for learning, the general order of decieaslng difficulty is as 
follows. 

Ex. 10, Bach Menuct, first phrase 
' Ex 12 

Ex lOfl, Bach, second phrase 
Ex II, Cuckoo song, first phiase 
Ex. Zd, and Zc 

Ex 8a, Mozart song, second phrase 
Ex 5 

These melodies apparently belong, so to speak, in one order of 
magnitude—the hardest. In tcims of learning there is a rather 
sharp distinction between them and the next, or intermediate group. 
This second group includes all the remaining patterns except those 
of Series 1 winch, structurally, and functionally, are far the easiest 
Regardless of which factor or factors may complicate a melody, it 
seems evident that the difficulty in perceiving, remembering, and 
executing it is directly propoitional to its total complexity of design. 

Changes in the Ojtginal Melody thiough Reptodnetton. Space 
does not permit detailed analvsis of the numeious variations on a 
given figure During the learning peiiod, these had most of the 
marks of mechanical tiial and erroi. In several cases, however, the 
final learned act itself was a variation, constant in repeated repro¬ 
duction, and obviously regaidcd by the child as a satisfactoiy dupli¬ 
cate of the oiiginal. Thus Example 4 (a primitive "Urmotiv" noted 
by Konig and Stern) was changed by four subjects to lead e-e-f-f- 
e-e, (The italicized notes lepiesent the changes). In Example 
Zh, the descending triad often became c-c-c instead of g-c-c In Ex¬ 
ample 7, the piogression c-f-g-e-e-e-d often became e-i-g-g-g-c-d, etc 
Taking some 65 vaiiations as a whole, it is again possible to ob¬ 
serve certain genetal tendencies common to all the childien. These 
aie (1) si/nphficaiioii of the melodic contour, by eliminating oi re- 



WiTRUMENTAl. REPRODUCTION OF MELODV 


423 


ducing the larger intervals and omitting certain units or even certain 
measures, and (2) perseveration of fnmtiiar patterns wliile learning 
a new one Both tendencies are less pronounced in the more success¬ 
ful subjects, altliough they are not lacking completely in any case. 
It seems logical to assume in cvplanation that the ability to dis¬ 
ci iminate Its paits within a given pattern would develop earlier 
among gifted children and lag in the opposite group A further ex¬ 
ample of reduction or simplifying occuis m Example 5, which was 
changed in over 50 per cent of the first tiials to e-e-e-f-f-f-g-iy-^-c. 
The same tendency occurred almost invariably in the Mozart song, 
in which the tiiird measure was entirely replaced by a repetition of 
the second measure 

Spontaneous Melodies. Some 30 examples were recorded of 
"spontaneous" sounds made by the childicn during free manipulation 
of the mstiument Half of these notations represent the early "pre- 
melodic" period of leaining. The other half are samples from the 
"free" preliminary periods of five minutes which preceded the 
latcj individual lessons "VVithin the first gioiip, it is not possible 
to find any evidence of a "basic" or even a "common" melodic 
preference. Nor is tiieie any evidence for beginning pitch preferences, 
The lecorded data show little pattern beyond accidental "toots," 
single and collective, in the sense of finger manipulation If the car 
guided the hand, it is certainly not apparent in the melody. The 
same conclusions hold largely for the later samples, except that 
typically the child now substituted one or more of his learned melo¬ 
dies for the trial-and-error sounds. A pattern structuie is now 
present, but it is a learned stiucturc, not an original invention. Sub¬ 
ject A alone seemed predisposed to repeat certain figures he pioduccd 
by himself-—but these were usually detectable combinations of the old 
rathei than anytliing clearly new. It might be expected that if 
vauous "Urmotiven" were included among tlie otlier melodics to be 
learned, some natural picferencc m tepiodncing them would show 
up. Within the scope of this experiment, such was certainly not 
the case. Thus Example IV and IVa, while moderately easy to 
learn, never once appeared spontaneously in any of the "free” 
periods. Example VI (Hannschen Klein) was the popular favorite 
of those who could even approximate playing it, with the simple 
patterns of Series II a close second This does not invalidate the 
concept of the vocal TJrmotiv, but on the contiary implies that much 
of Its "fundamcntality" in children’s singing derives fiom its par- 



424 


MARfHA GUERKSEY COLBY 


ticular type of muscular case, latlier than from any perceptual 
selection, musically The same negative lesults occuned with 
reference to the minor 3rd, which Wciiicr (17) found so fre- 
quentlv in the vocal melodics of young childien. If played at all, 
the 3id was decidedly major, oi even incieased, as compared with 
4ths, 5ths, and 6ths which weie typically icduced 

P'alulit^ of the Expemnent as a Test of Musical Ability When 
one recalls that Bacli, Mozmt, and scveial otheis at the age of four 
not- only wrote complicated melodics, but harmonized them and 
perfoimcd them, it does not seem so absurd to look foi talent, albeit 
on a lesser scale, among young children. The lelative futility of 
mosaic "tests" at this, early level seems appaient m tJie pitch dis- 
Ciimincation data Pitch as pitch has little meaning for the cluld, 
unless it is incorporated within a fiactional whole based on his per¬ 
ceptual level Oui data, as well as those of Biclimer, disagree with 
the statements of Hissem (6) that music should be split into its 
simplest elements for the preschool child, nlthougli not with her 
experiment which actually did quite othciwise. Not only did she 
piesent as stimuli a series of veiy iich pitch complexes (gong-clang) 
but acconipanicd them with both a definite ihythmical pattern and 
a verbal meaning (words) As a matter of fact, her approach is 
similar to ouis, in that it presents a "reduced whole," but not a 
"dissected" musical unit. Ouis is dissimilai, howcvei, in emphasiz¬ 
ing melody (pitch changes) as the learning form While all authori¬ 
ties do not agiee with Mozart that "Melodic is das Wesen der 
Musik," most of them do agree that in "melodic sensitivity” the real 
musical natuie of the average person is shown as by no other method 
According to Lipps (9), Revesz, Huber (7), and others the talented 
person perceives and reproduces very different and very complicated 
melodies; the untalentcd, only those of few units and simple stiuc- 
ture. These authors lefer, of couise, to vocal reproduction But 
since the instrumental method seems to differ chiefly in its greatly 
restricted output, this experiment could perhaps be regarded as 
meiely a more severe tes>t than a vocal one, weie it not for the 
rapidly changing motor capacities of the picsehool age, which un¬ 
doubtedly complicate the picture. It is furthermore probable that 
reproduction on a key-board instiument would be easier than on the 
fife, since before the lattei’s tones can be discriminated, they must be 
produced without benefit of arbitrary control. On the other hand, 
our subjects seemed to prefer the fife or some otlier small manipula- 
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tivc instrument—doubtless bccnusp these could be “marched with” 
in imitation of the Var-iiiy Band and the Picd Piper The analogy 
between the child and piimitivc man in this behavior which unifies 
the sound, tlie dance, and the drama, has been emphasized by 
many authonties. This “one-ness” of piimitivc musical expeiience 
would seem, however, to be too rarely considered in teathing music 
to very young cliildren, although such games as “musical chairs,” folk 
dancing, etc,, arc worthy exceptions. 

Indmdnal Differences Since tliese results are qualitative rather 
than quantitative their significance can best be appreciated bv a de¬ 
velopmental picture of behavior From this perspective, the fust 
week’s progiess is m many ways tlie most stiiking. All the subjects 
quickly tiied of "just blowing," ic., pioduciiig an open tone, and 
most of them soon went then own way in producing .iccidcnlal tones 
by manipulating one or moic holes with one or more fingers. How¬ 
ever, by the end of the thud lesson, they could all blow the same 
open tone, or pitch (C 256), snnuhnneovsiy, in simple ihythmKa) 
units of three-foui oi foui-foui time, modernte tempo By the fifth 
day, all subjects had mastered the next step of producing a second 
pitch by coveung the first hole witli the first fingei. By the end of 
the first week they could imitate in ensemble unison such simple 
melodic patterns as c, d, c, d, etc More than these two pitches 
and four-unit iliythms were still beyond tliem This stage of 
achievement thieatcned to be the final one for the group and Indeed 
the only progress tJirougliout the jcst of the month, m ensemble per- 
foimance, was the mastery of a third pitch by coveririg the second 
hole, and extension of the "finger-games" to d, e, d, e It is signi¬ 
ficant that at this stage they could not reproduce thirds correctly, 
ascending or descending, unless the major 2nd inteivened 

By the end of the month, all subjects save No 15 and No. 16 
could reproduce most of the melodic patterns within the restricted 
compass of tlie major third. (See variations of Sciies II ) The 
expciimenters managed to add a little more variety by different 
rhythmical treatments, most successful, incidentally, when the chil¬ 
dren could march and blow at the same tunc. Four subjects never 
got beyond this stage Some mastcicd a few additional patterns, and 
one child alone attained the desired goal—a repertory of twelve 
figures 

In order that tlic expeiiment might not lose its attraction com¬ 
pletely during this plateau interval, the lessons were made shorter 
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and the experimentcis played familiai folk tunes. All behavior 
protocols excepting those of two individuals showed pionounced 
kinaesthetic reactions such as jumping, dancing, rolling, humming, 
winch usually began with this music and ceased when it stopped. 
Tlie gieat differcmc between vocal icpioduction and manual repro¬ 
duction was strikingly, if incidentallv, biought out by the fact that 
the children could smg more melodies than tliey could play, at the 
end of the experimental period It is probably also significant that 
the children who ficquently inhibited the more overt activities to 
listen closely or watch tljc performer play vvere without exception 
those who reached the highest levels of pcifoimance in the experi¬ 
ment In no cases, however, were tlic kinaesthetic lesponses com¬ 
pletely lacking excepting for the two children who from start to 
finish showed neither the slightest interest nor proficiency m music 
(Subjects 15 and 16). The clos>c agicement between columns 2 and 
6 IS piobably to be expected, since the greater enjoyment of the 
"good” subjects doubtless led to their increased achievement. Revese 
makes most emphatic this close relationship between musical interest 
and enjoyment and "musical senutivitv” as a diagnostic due to talent. 

Of the numerous complex reasons making for lack of progress 
over the next few weeks, some were faiily apparent. One was the 
physical difficulty of those with very shoit fingers to cover success¬ 
fully moie than three holes at once With others the span of 
melodic perception, or the limit of auditory-manual coordination, 
seemed to have been reached for their particular maturation level. 
Furtliermorc, there occurred at this point a complete disintegration 
of group spirit Some wanted to work faster and longer, some 
wanted to work less and more slowly The class was accoidingly 
divided into two groups, the fiist including the five most eager and 
efficient subjects From the remaining group of H, subjects 15 and 
16 were now dropped, since no amount of individual oi concerted 
effort on the part of the experuuenteis succeeded in maintaining their 
interest further. Thc/r nursery school records likewise showed con¬ 
sistent indifference to the “musical period” in the daily program of 
the school. For a time the change seemed to benefit the other 
groups They offered alternate "programs” in a visible spirit of 
competition. The five superior subjects still continued to advance 
at a faster pace, but even within this small gioup individual dif¬ 
ferences soon cmciged to destroy the ensemble unity 

The sharp difference between the success of the thiec-unit and the 
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five- and six-unit melodics^ even with the same intervals iiseil, lias 
already been discussed Some aw<iieness of their dilemma at this 
stage was shown by a few children in such verbalizations ns, '‘This 
note IS the wrong one/' “I can't make the right note sound," etc 
Such remarks seemed to indicate correct perception of tlie melodic 
pattern, discriminative recognition of its component pitches, but a 
lagging motor contiol in reproducing them. Others were obviously 
content with their hard-won achievement, and while they seemingly 
enjoyed the class peiiod, stiongly resisted any extension of their in¬ 
dividual repertory. During the last two months, the group metliod 
of instruction was abandoned, and one individual lesson substituted 
on altcinate days. This clinnge produced another spurt in progress, 
which, fortunately, lasted well up towaid the end 

Since subject A was In every respect the most successful piodiict 
of the cxpeiiment, a brief portrait of liis bdiavior may be of in- 
teiest. Our attention was drawn to him the vciy first day when lie 
complained tliat tlic close harmonies plaj'cd by the experimenters 
in the pitch discrimination test "hurt his head.” On the fouith day, 
he said, ‘‘IVe got a new note.” To our surprise, fie had six Zingers 
tightly down over all tlie holes and was blowing the most difficult 
note on the instiument (low D) without its octave. While its pro¬ 
duction at that time was quite accidental, he was later able to learn 
quickly the posture, breath control, and finger cooidination necessary 
to reproduce it in a melody. His school ratings m ordinary play 
and social activity wcie the lowest of the experimental group, though 
not of the nursery school group as a whole His rccoids foi the daily 
rhythmic exercises and songs, however, were the highest in tlic class. 
His rank in mental norms within the 16 experimental subjects was 
fifth. (The entire group was selected from the upper quaitilc of the 
school.) His age at the end of the experiment was 4 years, 3 months, 
days, while the mean for the expeiimental group was 4 years, 3 
months, 28 days. His play interests in general tended to be solitary, 
strongly individual, and somewhat fantastic. Both his tcacheis and 
his parents repoited that from the first experimental lesson on he 
talked incessantly about his “music-flute.” He was quite unique in 
really hhng the “games” of pitch discriminalion in which he not only 
found the right tone, as a rule, but if the consistency in blowing were 
too different, lie would say, “That’s it but it’s not the same." His 
greatest errors in reproducing pitdies in this way were never greater 
than a half a tone, and usually well under a quarter tone On several 
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occasions when he blew too loudly, the octave confused him, and 
despite explanation, he iiivnrmbly demanded anothei fife which 
didn't “make that other note” A few trials toward the end of 
the semester in teaching him symbolic notation were ineffectual, 
although middle C between the two staves was usually pioperly 
named. In playing longer melodics he occasionally forgot and 
stopped, but rarely repeated m omitted. With veiy little prompt¬ 
ing he would finish the tune with evident satisfaction At the 
end of the semester's experiment he had attained a technique winch 
included all 12 of the experimental patterns, a repertory of six 
additional tunes such as “Lightly Row,” (first phrase) "I Can 
Play My Violin,” ‘‘Yankee Doodle,” and an assortment of small 
"original” melodies which he consistently icpcated. As stated earlier, 
however, these woic largely composites of the others. 

As far as could be determined, the child’s parents bad only 
minimally "average” musical interests or capacities, and neither 
one was a pei former The matci nal grandfather, however, had led 
his village band in rural Gcimany and played the paiish organ 
On so little evidence nothing can be said of beicditary talent in 
the child's bcliavioi On the othci hand, neither can his home 
environment, far less musical than that of some of the other chil¬ 
dren, account for Ins marked supcnoiity in the expeiiment While 
it is impossible to predict what lus future success will be, since he 
too may at any given time arrive at a matuiation limit, it seems 
significant this fai that his school giadcs in music in the kmder- 
gaiten and his success in a private piano class have remained con¬ 
sistently highei for two years than any othei’s in the groups Inci¬ 
dentally, while It had never occuricd to the paients to give him 
specialized musical advantages, the outcome of our elementary fife 
experiment h.is converted them to the desirability of a musical 
environment and appropriate tiaining facilities. 

In an applied sense, the experiment would seem to indicate that 
specialized instrumental training at too early an age (preschool) 
costs fai moie patience than it is worth, and that the same amount 
of effort applied to vocal acquisition of folk-songs, folk-games, "Kin¬ 
der liedei,” etc,, would pioduce greatei icsiills because it would 
capitalize on a natuial lc^ponsc and an casiei technique On the 
other hand, a minimal amount of auditory-manual training under 
appiopriate musical discipline may obviously foster an inteiest in 
instrumental music, and thereby deepen its aestlietic value later on 



INSTRVMBNTAL JIEPRODUCTION OP 7i!ElODY 


429 


In a <>cientific seii'ic, the experiment indicates '^evcial possibilities 
for investigating musical development within a "reduced” but nev¬ 
ertheless normal "aesthetic” situation. 
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LA REPRODUCTION INSTRUMENTALE DE LA MlJLODIE PAR LES 
ENFANTS D’AGE PRfiSCOLAIUE 

(Resume) 

Cette ^tiide essaic cl'approcher les capacites musjcales dcs jeiines cnfants, 
non pas nu inoyen dcs tents mosaiques, mats en coordonnnnt les cnpacitSs 
maniicllcs connuea, lea tendances imitativcs, In poitde de la perception, ct 
les niveaux de motivation tie Page prescolaire dans tin acte musical appns, 
par ex, la reproduction instnimcntalc des melodies simplca Les mateiiaux 
pnncipaux ont et6 dcs fifres et ties figiiies soigneusement choiscs dc chasons 
popuiaires, dca classiquea juveniles, et les divers motifs employes par d'autres 
investigateurs On a employ^ quator/e siijcts pendant la diiree d’lin scmestie, 
avee I'entralnement collectif et individuel Le siicces dans I’appicntissage 
depend aurtmit de quatre vaiiahles—le notnbre des imiteii de hauteur, la 
grandeur dcs inteivallea, la “direction” dc la melodic, et le dcgr6 de 
rdpdtition oil de symni^tiie La tendance genciale ll simpliUcr chnciin on 
tous CCS factcurs est plus maiqii£c che/ les sujets les moms capables La 
inotivatton adequate est trSs difficile pom les moms capables L’nctivui 
spontnnie on "llbre” avec Pinstruincnt ne montre aucune evidence des 
"Urmotlven” qui se trouvent dans les piemicres formes vocnics Ln portee 
melodiqiie comme uniti perceptive est quelque chose tr6g different de la 
simple poitee acoustique, ce qui indique I'importance dc la forme dans 
I’exp^rience vraiment musicalc Lea differences individucllcs varicnt de 
rinsuccis complcc jusqu’au succis presque parfait dans les series d’ap* 
prentissagc 

COLDY 

DIE INSTRUMENTALWIEDERGABE VON MELODIE VON 
VORSCIIULPFLICIITIGEN KINDERN 

(Kefcrnt) 

In diesem Experiment wild dcr Vcrsuch gcmaclit, die musiknhschen 
Faliigkeiten jungci Kindci zu untcrsuclicn, nicht duich Mosaiktcsts, sondern 
ilurch dns Zusammcnbnngcn von bekannten Ilandfertlglceitcn, Nachnlimung' 
sneigungen, Wnbrnelimungsumfnng, und Motivierungsniveaus ties vorschtilp- 
flichten Alters In cmen gelernten musikalischen Akt, namlich in die In- 
strumentalwiedergabc von einfachen Melodicn Die Hauptmatcnalien 
waren Pfeifen und sorgfaltig aiisgewnhitc Melodicn nus Volksliedein, 
Jugcnclklassikcr, und die verschiedcnen Melodicn, die von anderen Forschern 
gebraucht wurden Vicizchn Vpn. dienten fur cincn Zeitraum von cinem 
Semester und crhiclten sowohl Gruppen- als auch Einzcluntcriicht. Der 
Erfolg beim Lernen linngt hauptsnclilich von vlei Vanablen ab von dcr 
Anzahl der Tonholieneinheiten, dei Grosse der Intervallc, der "Richtung” 
der Melodic, und dem Grad der Wiedcihoiung odet SymmetnCi Die all' 
gemeine Neigung zur Veieinfachung jedes diescr Faktoren ist bemerkbarer 
bei den weniger begabten Vpn. Hinrcichende Motlvierung 1st ausserst 
schwierig bci den am wenigsten begabten Vpn Freiwillige oder '‘freie” 
Tatigkcit mit dem Instrument wcist keine Evidcnr, solchcr Urmotive niif, 
die in frfihcn Stimmgcstaltcn vorkommen Dcr Melodieumfnng als cine 
Wahrnehinungseinheit ist etwas ganz veischicdea von dem einfachen 
Gehorumfang, was nuf die Wichtigkeit der Gestalt in wnhrhnftig musikal- 
ischer Erfahrung lilnwcist Individuellc Unterschiede vcrbrciteii sich vom 
vollkommencn Misserfolg bis zum beinahe vollkommenen Eifolg in der 
Lernreihenfolge. 


COLDY 



A STUDY OF SOME OF THE TECHNIQUES UNDER¬ 
LYING THE ESTABLISHMENT OF SUCCESSFUL 
SOCIAL CONTACTS AT THE PRESCHOOL 
LEVEL* 1 

F)ow the Department »f Child Study of Vassar College 


Hllfna M\li.ay 


One of the aims of nursciy school education is to teach children 
techniques for playing with other children in such a manner that 
they become m some integral way associated with every other cliild 
in tile gioup The present investigation was undertaken to deter¬ 
mine the Viiiious types of social behavior patterns occuning at the 
preschool level and from these to discover the techniques of suc¬ 
cessful social approach and successful inamtcnance of contact, i c, 
techniques for the initiation and maintenance of giaup contacts 

A giQHp contact was here defined as two or more cliildren func¬ 
tionally and spatially together, with some common underlying aim 
or intcicst, though not nccc;>sniily of the overt type Tins intcr- 
rclationsliip had potentialities for cooperation witlun the group both 
along the load toward and in the attaining of the goal There 
was a positive feeling among the members and acceptance of each 
by the otheis Sucli a group may have had destructive aims as 
regards tJie rest of society, yet so long as similar aims and mutual 
interest and aid in attaining a goal was evident, these members 
were a gioup 

Active cooperation among two-year olds was not always mani¬ 
fested overtly yet a common underlying aim and some basis for 
interrelationship were present. This leads one to question whether 
group behavior of two-year olds was not merely an immature form 
of the more highly developed gioup activity at the foui-ycar level 
Individual sand pics mutually admiicd by two-year olds became 
pnit of a bakery witii four-year olds 

^Recommended by Dr Martha May Reynolds, accepted for publication by 
Carl Murchison of the Editorial Board, and received in the Editoiial Oflice, 
January 24, 1935 

^This study \vai directed by Martha May Rcjnolda, Professor of Child 
Study, Vassar College 
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The two mAjOT problems established were “What are some oi 
the factors underlying the initiation of successful contacts?" and 
“Wh.nt aie some of the factors underlying the maintenance of group 
contacts?” 

The initial contacts (appioachcs) weie distinguished from the re¬ 
sulting maintained contacts and analysis of the two undertaken 
sepaiately A further division was made between successful ap¬ 
proaches and approaches as well as between maintained g/oup con¬ 
tacts and maintained contacts Maintained g}oup contacts included 
those social situations in which the children weie moved by a com¬ 
mon underlying «iini into patterns of behavioi which kept them 
functionally and spatially together while maintained contacts were 
simple social contacts which did not have in them the elements of 
giOTip activity Similarly, successful approaches wcie those which 
elicited maintained group contacts while approaches called forth 
simply the maintained contacts which by definition did not contain 
elements of group activity. 


Subjects 


The subjects wcie 21 childien in attendance at the Vassar Col¬ 
lege Nursery School during the year 1933-1934. Their chrono¬ 
logical ages ranged from 2 years, 0 months to 4 years, 9 months, 
as of October 15, 1933, the midpoint of the first period of observa¬ 
tion, Average chronological ages, mental ages, and intelligence 
quotients are given in Table 1 for the age gioups in year intervals 
as studied 


TABLE 1 

CA's, MA's, AND IQ's OP Ace Gdoups Studied 


No of cases 

Two-year olds 

7 

Three-year olds 

7 

Four-year olds 
7 

Av. CA 

2-4» 

3-7 

4-4 

Range 

2-0 to 2-li 

3-3 to 3-11 

4-0 to 4-9 

SD 

±3 62 months 

±3 09 montlis 

±2 99 months 

Av. M,A 


4-3 

5-7 

Range 

2-4 to 3-0 

3-11 to 4-8 

5-0 to 6-3 

SD 

±2 23 months 

•t-3 00 montlis 

±4,73 months 

Av IQ 

ns 

121 

130 

Range 

103 to 140 

109 to 131 

120 to 141 

SD 

±14 63 

±748 

±6 78 


*2-4 signifies 2 years, 4 months. 
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FIGURE I 

Observation Record 

Above IS a sample lecoid foi a rive-minute observation of a 
subject, timed to tcn-sccond intervals. TTlic first third of ihc sheet 
included all the items of social behavior of significance to tins 
problem whcie the initiative was the subject’s, i c., (1) initials of 
the children reacted to socially tliiough any of the channels of social 
approach—regard, vocalization, physical contacts tlirough materials, 
direct piiysical contact, paiallel activity, or cooperative activity— 
during each of tlie ten-second intervals of the five minutes. To 
these initials was added a cioss (a) whenever physical contact 
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througli materials occuried and a dash (—) whenever direct phy¬ 
sical contact occuned, (2) any vocalization by the subject; (3) the 
materials in -use at the time, (4) the activity m which the subject 
was engaged The second major division of the sheet provided for 
corresponding information about any child approaching the subject ' 
(where the initiative was not the subject’s). His initials were 
inserted in the correct time intcival under the first sub-column and 
data about vocalization, physical contact through materials, direct 
physical contact, paiallel, oi coopeiative activity noted This second 
section was not a continuous recoid The tliird major division of 
tlie sheet was used for a complete diary record of the activity dur¬ 
ing the five minutes. A regulation stop watcli was used. Notes 
were taken in a foim of shoithand. 

A two-hour observation was made of each subject (24 five-minute 
lecords), one hour m the Fall and one hour in the Spring Such 
a plan furnished data for a comparative study of changes in social 
behavior patterns after six months of nursery school experience. 

Notes on Analysis 

A method of analysis in terms of patterns rather than of items 
was adopted. In each approach and m each maintained contact 
the following items of social behavior activity were involved, cither 
singly or in combination: 

visual regard of each other 

directed verbal statement or other vocalization 

pliysical contact directly or through materials 

paiaUel activity 

cooperative activity 

These five appeared so fiequently m and were so common to ap¬ 
proaches and to maintained contacts that they were assumed to be 
basic items. Other factors such as hyperactivity of the child’s 
approach, physical bearing of the child, intellectual elements, and 
emotional tone of the approach were consideied individual over¬ 
tones rather than items in the social behavior pattern. These were 
omitted in the analysis in an attempt to icmove those factois which 
were personality charnctenstics rather than basic items of social 
behavior. 
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Quantitative data were on hand as to the frequencies of the basic 
Items m approach and in maintenance of contact. But it was not 
possible at this stage to determine the influence of each item toward 
the success of the approach, i e., whether the items Regard, Vocaliza¬ 
tion, or Paiallel Activity were equally responsible or one carried 
greater weight than another. In ordci to minimize the possible 
sources of error, it seemed best in the analysis to consider the total 
pattern, made up of the basic items Regaid, Vocalization, and 
Parallel Activity, responsible for the success of the approach rather 
than to try to weight the individu.il items 

The following eiglu pattern types weic adopted for use 

1 Regmd looking at another child while standing by inactive 
or engaged in an unrelated activity 

2. Regaid and Vocaltzation % vcibal statement or laughter, ac¬ 
companying looking at another child while standing by inactive or 
engaged in an uni elated activity 

3. Regaid and Physical Contact, physical contact directly or 
througli materials accompanying looking at another cluld while stand¬ 
ing by inactive oi engaged m an uniclated activity No vocalization 
occurs. 

4. Regaid and Paiallel Activity looking at another ciiild while 
engaged in related activity, similjir but independent. No vocaliza¬ 
tion occurs 

5 Regard and Coopeialive Activity' looking at another child 
while engaged in related activity, interdependent and supplementing 
each other toward a common goal. No vocalization occurs 

6. Regaid, Vocalization, and Physical Contact physical contact 
cither directly or through materials accompanying looking at another 
child wliilc standing by inactive oi engaged in an unrelated activity. 
Vocalization docs occur. 

7. Regard, Vocalization, and Parallel Activity looking at an¬ 
other child while engaged m iclated activity, similar but independent 
Vocalization does occur 

8. Regaid, Vocalization, and Coopeiative Activity looking at 
another child while engaged in related activity, intcidepcndcnt and 
supplementing each other toward a common goal Vocalization does 
occur. 

These patterns were considered mutually c'lclusive Each ap- 
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proflch and each contact was listed under the type most representa¬ 
tive of it 

Analysis Record 

Each Item in approach and in maintenance of contact was graphed 
on a master sheet (one for each subject) jn such a way that it 
appeared at one and the same time separately yet within its pattern 
In this way, details of the patterns could always be evaluated 
correctly in the light of the larger total pattern 

Purely statistical tieatment of the data might show for one child 
a total of 50 regards and 45 vocalisations present in six maintained 
contacts. Analysis by patterns might show that five of these main¬ 
tained contacts were characterized simply by regard while the other 
one carried the total 45 vocalizations. Consideration of the items 
per se might lead one to conclude that the type of contact used 


Seciron A Section B Section C 

Initiation Maintenance Termination 

ofconlacK otconlakts or coi,t>acta 



FIGURE 2 
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most frequently by the subject was a Regard and Vocalization type, 
there being almost as many vocalizations as tlierc were regards. 
Analysis by patterns showed definitely the predominance of contacts 
of the type Regard, 

Below IS a sample analysis sheet of the sample observation record 
given above. Under Section A were charted the data for the study 
of approaclies A check was made under sub-column a and in the 
coirect time interval if the subject on whom the lecord was taken 
approached another cliild, in sub-column b, if lie was approaclicd 
by tlie other cliild (For the present study, approaches under a 
and b were summed for the total frequency of appioaclics) In 
analyzing the pattern type, checks were made in tlic cnlumns 1, 2, 
3, 4, 5, and 6 (see sample sheet) for the items involved, Regard, 
Vocalization, Physical Contact directly or througli materials, Parallel 
Activity, and Cooperative Activity respectively. Column 7 was 
marked with a iilus whenevci the approach was successful, i.c., re¬ 
sulted in the establislimeiit of a group contact and left blank when 
not successful 

Under Section B were recorded the data for the study of main¬ 
tained contacts A plus was written in column n for cacli interval 
during which a contact was maintained In column b were listed 
tlie initials of those children other than the subject in the contact 
and in column c was recorded an “m” for the intervals and for 
only those intervals during which the subject was a member of a 
group. Analysis for pattern type was earned out by checking in 
columns 1, 2, 3, 4, 5, 6, and 7 icspectively the occurrence of Regard, 
Vocalization bv the subject, Vocalization by anotlier child, Physical 
Contact through materials, Ducct Physical Contact, Parallel Activ¬ 
ity, and Cooperative Activity for each ten-second interval during 
which any of the seven items wcic iccordcd 

Under Section C was noted the bie,iking up of a contact either 
by the withdiawal of the subject oi by the withdrawal of other 
members. It was only when the subject left oi when all the otlicr 
members left that the contact was considered ended. 

Data 

Study of Appjoaches From Section A on the master sheet, 
there was computed for each subject the total number of approaches 
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occurring during his two-hour observation and the total number 
successful. These were sorted and listed according to pattern type 
For example, of the 108 approaches listed for one child, 22 were 
of the type Regard: 31, Regard and Vocaltzation! 8, Regaid and 
Physical Contact, 24, Repaid and Parallel Activity, 2, Regard and 
Cooperative Activity! 4, Repaid, Vocaltzatioiij and Physical Con¬ 
tact; 11, Regard, Vocalization, and Parallel Activity; 6, Regard, 
Vocalization, and Cooperative Activity. Similarly, the number of 
successful approaches per type were found For example, in the 
case above, of tlie 22 approaches of the type Regard, 1 proved suc¬ 
cessful m establishing a group contact; of the 31 Regard and 
Vocalization, 7, of the 8 Regard and Physical Contact, 2, of the 
24 Regaid and Parallel Activity, 15, of the 2 Regaid and Co¬ 
operative Activity, 2 ; of the 4 Regard, Vocalization, and Physical 
Contact, 0, of the 11 Regard, Vocalization, and Paiallel Activity, 
lOj of the 6 Regard, Vocalization, and Coopetative Activity, 6. 
For each subject there wcic data on (/r) the frequency of approach, 
(h) tile frequency of successful approach, (c) the distribution 
of approaches among the eight types, and {d) the percentage of 
success per type 

S(«dy of Maintained Contacts. From Section B, there was com¬ 
puted for each subject the total numbei of seconds in social contact 
with other children (there were possible 7200 seconds for social 
contact—each of the 24 observations having 30 ten-second intervals, 
totaling 7200 seconds) and the number of seconds in ^row^ contact. 
Each of the maintained contacts was listed according to pattern 
type and the success per type obtained by finding the ratio of the 
number of maintained group contacts to the total number of main¬ 
tained contacts. For each subject there were data on, {n) the total 
number of seconds in social contact; (b) the total number of seconds 
in group contact; (c) the frequency distiibution of maintained 
contacts among the various types; and (d) the percentage of success 
per type The average length of a contact and the average number 
of children in a group were also found. 

This study was essentially a study of “approaches” and “main¬ 
tained contacts” and not, at this point, a study of individual chil¬ 
dren. Emphasis was placed on the behavior of the child rather 
than on the child as an individual. For example, when Jane's 
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Regard was considered, the interest was in the Regard as an item 
of social behavior rather than in Jane as a personality. 


Summary of Data Gathered 

In the study of the initiation of contacts (approaches) there were 
found • 

1 Total number of approaches 

2 Total number of succes'iful opproaches 

3 Ficqucncy distribution nmong eight pattern types 

4 Percentage of success per type, i e, ratio of number suc¬ 
cessful to total number per type 

In the study of the maintenance of contacts there were founds 

5 Total number of seconds in social contact 

6 Total number of seconds in ^roup contact 

7. Frequency distribution of separote contacts of varying 
lengths among eight pattern types 

8 Frequency distribution of group contacts among eight pat¬ 
tern types, the ratio of (8) to (7) giving the success per 
type. 

9 Average length of a maintained contact 
10 Average number of children per group 

Results on these points were gathered for the entire group of 
21 •, io\ the two-, thiee-, and fouv-vcM olds v>eptttetdy. Figures 
wcie also obtained for the total two-hour obscivation period, for 
the Fall and Spiing observation periods 

Total data may be graphically presented ns follows: 
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The Initiation of Social Contacts 

1. Quanttialivc Analysis Table 2 lists the total number of 
approaches, the total number successful, and the percentage of suc¬ 
cess (ratio of number successful to total number made) for the 
entile group of 21 subjects, and for the separate groups of two-, 
three-, and four-year olds. The lower section of Table 2 gives the 
averages per child for the two items—^number made and nurnber 
successful. The questions raised could now be answeicd* What 
success did the pieschool child achieve in the initiation of social con¬ 
tacts^ What were tlie age level variations? What differences in 
success weic evident from the Fall to Spiing periods'* 

The percentage of success in tlic initiation of social contacts at 
the preschool level was 27 3 The separate percentages at tlic two-, 
three-, and four-year levels, ic, 26.5, 242, nnd 30 8 respectively, 
were very close and the difference found to be not statistically sig¬ 
nificant, suggesting that at the pieschool level the development of 
techniques foi tlic initiation of successful contacts was slow Since 
the data showed the four-year olds to be not more successful than 
the two-year olds, tiie establishment of tccliniqucs for successful 
appioach seemed to be not wholly a matter of maturation. More¬ 
over, a significant difference between success attained in the Fall 
and that reached in the Spring was noticed for the entire group. 
The question arises What is the relative importance of maturation 
and learning in the establiblimcnt of techniques for successful social 
behavior? 

2 Qiinlitatwe Analysis The following questions were raised; 
Which were the pattern types of approach most common at the 
preschool level? Which were the most successful? What age level 
variations were evident? What changes were noted fiom Fall to 
Spring? 

Table 3 lists for each of the eight pattcin types its percentage 
of frequency of occurrence in the total 1976 approaclies studied 
The three most frequently used types were Regaid; Regaid and 
Parallel Activity, and Regard and Focalization, one or another 
making up 79 2 pci cent of the total number. The remaining five 
types, occiunng 20 8 per cent of the time, showed individual fre¬ 
quencies of 1.4 per cent to 9.1 per cent Althougli the percentages 
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varied slightly, results at the Fall observation and the Spring 
observation for the entire group and for the separate two-, three-, 
and four-year age levels all upheld the conclusions drawn above that 
those three pattern types were used most frequently as techniques 
of appioach. These data are shown graphically below (Figure \a). 
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Table 4 shows that at all age levels and at both tlic Fall and 
Spring observation pettods, four of the eight types of approach 
resulted almost invariably m establishing successful contacts; the 
other four almost invariably failed to do so. This “all-oi-nonc” 
characteristic of the results may be seen more clearly in Figure \b 
on page 444. The pattern type found to be most successful was 
Regard, Vocalization, and Goopeiatwe Activity, 97 1 per cent of 
such approaches resulting m the establishment of a j7roH^ contact, 
Regard and Cooperative Activity had 89.7 per cent success; Re- 
gardj Vocalization, and Parallel Activity, 74 2 per cent; Regard 
and Parallel Activity, 70.0 per cent The most unsuccessful type 
of approach was Regard. Only 2.9 per cent of such approaclics 
resulted in the establishment of a group contact; with Regaid and 
Physical Contact, 10.1 per cent; Regard, Vocalization, and Physical 
Contact, 10 7 per cent; Regaid and VocaUtation, 16 6 per cent 
The types of approach which proved successful retained their 
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success potentialities with all the subjects, the two- as well as the 
three- and four-year olds, and at all times, in the Fall or Spring 
Tlie types proving unsuccessful remained consistently unsuccessful 
at all times and at all age levels The question arises* Might not 
the factors underlying tiic initiation of successful social contacts be 
fairly independent of the factor of age level and of the factor of 
existing social relationships between the subjects? 

3. Conclusions An attempt was made m this section to dis¬ 
cover some of the factors underlying the initiation of successful 
contacts. Results showed that an approach following the general 
pattern of Regard, Vocalization, and Cooperative Activity or Regard, 
Vocalization, and Patallel Activity was fairly certain of success rn 
establishing a group contact In so far as Regaid and Cooperative 
Activity and Regaid and Parallel Activity without accompanying 
vocalization wcie also types which resulted in the establishment of 
group contacts, might it not be said that the two elements—Co¬ 
operative Activity and Parallel Activity-appearing one or the other 
in most of the successful pattern types were the important factors 
facilitating tlie initiation of successful socnil contacts^ 

Furthermore, it may be sard that these factors of Cooperative or 
Paiallel Activity were fairly independent of the Individual per¬ 
sonality pattern. They were equally successful when used by the 
two-, tlnee-, and four-year olds, in the Fall and in the Spring, by 
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tlie child who was most maladjusted pcisonally and by the child 
with the best personality adjustment, by the child with the highest 
intelligence quotient and by the one with the lowest. Success seemed 
to be, to ,\ greatei extent, a matter of type of approach used rather 
than of individual personality pattern behind it 

The question of the relative importance of maturation and learn¬ 
ing by experience in the initiation of successful contacts will be taken 
up in another section, page 451 

Analysis showed that only 27 3 per cent of all the approaches 
made by two-, three-, and four-year olds resulted in the establish¬ 
ment of ffionp contacts An.ilysis showed further that 70 3 per cent 
of the appioaches made at these age levels wcic of the four types 
found above to be almost certain of failure— Refftird, Regaul and 
Vocalization, Regard and Physical Contacts; Regard, Vocalization, 
and Physical Contacts Small wonder that success was limited 1 

Thf ^Iaintbnance of Social Contacts 

In the quantitative analysis, individual contacts varying in length 
from 10 sec. to 300 sec wcic not kept separately A 10-sec con¬ 
tact, a 30-scc one, a 90-scc, and a 120-5cc one were added and 
the 250 sec. listed as the total contact for that child, with no 
reference at this point to the fact that four individual contacts of 
vaiying lengths were contained therein In the qualitative analysis, 
each maintained contact was considered separately, the 250 sec 
above weic treated as four individual maintained contacts and the 
type of each dctei mined 

1 Quantitative Analysis Table 5 shows the percentage of free 
play time spent in social contact and the percentage of success in 
maintaining gioiip contacts (time in gioup contact to total time in 
any kind of social contact) Answers to the following questions 
WCIC sought What percentage of fiec play time was spent in any 
sort of social contact^ What pciccntagc of time spent In social 
contact was group contact^ What vaiiations in age level were 
found^ What changes were noticed from Fall to Spring^ 

The preschool child spent 61 pei cent of his fiee play time in 
social cont.icts of any sort (ratio of the total number of seconds 
in social contact to the 7200 sec total observation time per child) ; 
the two-year olds, 41 per cent, three-year olds, 64 pei cent, four- 
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jfl Social (jroup Con¬ 
tact per child 2714 1050 1664 1679 500 1179 
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year olds, 77 per cent However, the percentages of success in the 
maintenance of group contacts attained by the two-, three-, and 
four-year olds were found to be very close—56 0 per cent, 55 9 
per cent, and 70 1 per cent respectively. There was no difference 
between the results for the two- and three-year olds and a statistically 
insignificant diffeience between the icsults for the two- and tliree- 
year olds on the one hand and the four-year olds on the other hand 
{D/adift was 2 0). 

Significant diffeiences and definite progress at all age levels m 
the ability to maintain group contacts after six months in the nursery 
scliool weie noted Percentages of success were much )iigher at all 
age levels duiing the Spring than duimg the Fall. Moreover, the 
two-year olds in the Spimg were more successful than the three- 
and four-year olds in the Fall and the three-year olds were moie 
successful in the Spring than the fours in the Fall. 

Since the success of the foui-yeai olds was not much greater than 
that of the two- and the three-year olds and the progress shown from 
Fall to Spring was significant for all the age levels, it seemed tlint 
other factors besides maturation were responsible for the maintenance 
of group contacts The question again arose. What is the relative 
importance of maturation and learning by c^pcrIence in the main¬ 
tenance of giotip contacts? 

2. Quahtatwe Analysts. In Table 6 is given for each pattern 
type of maintained contact the percentage of frequency of occurrence 
among the total 1726 maintained contacts studied The questions 
raised were’ Which wcic the most frequently occurring pattern 
types of maintained contacts^ Which were the most successful? 
What age level variations were evident? What changes were noted 
from Fall to Spring? 

Tlie tliree types of maintained contacts occuinng most frequently 
at all age levels and at botli the Fall and Spring periods were Re¬ 
gard; Regal d and Voettbzatton, Regard, FocaUzatiou, and Parallel 
Activity (Figure 2aj page 449) Of the 1726 maintained contacts, 
72 1 pci cent were of one or another of these three pattern types. 
The five remaining types appeared with average frequencies of from 
0.6 per cent to 7 6 per cent, slightly higher or lower with variations 
in age groups, the highest reached by any being 13 3 per cent 

In Table 7 are listed the ratios of the number of contacts proving 
successful to the total number listed for each type, i e , the percent- 
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Age GrcLps 

FIGURE 2A 

age of success in mamtainiJig ^ranp contacts per type. As was found 
for approaches, the vanou& pattern types proved to be either lughly 
successful or highly unsuccessful at all age levels and both in the 
Fall and the Spring. Four types showed success above 50 pci cent 
(three of which were above 78 per cent) and the letnaining four 
types showed success of only 0 2 per cent to lO.O per cent (Figure 
2b, below) Regaid, Vocalization, and Coopetaiivc Acltvtty liad 



FIGURE 2D 
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a 97 6 per cent success; Regard and Cooperative Activityj 90,9 per 
cent; Regaul, Vocalization, and Parallel Activity, 78 7 per cent; Re¬ 
gard, and Paiallel Activity, 48.4 pci cent. Among those with low 
percentages wcie: Regaul, 0.2 pei cent; Regard and Physical Con¬ 
tact, 3.8 per cent; Regard and Vocalization, 6.9 pei cent; Regard, 
Vocalization, and Physical Contact, 10 3 pei cent. The “all-or- 
none" principle applied to tlie patterns for the maintenance of group 
contacts as it did to patterns for the initiation of successful contacts. 

The tvpes of maintained contacts which pioved successful retained 
their success potentialities with all the subjects—the twos, as well 
as the thiecs and fours—and both in the Fall and Spiing, the types 
unsuccessful remaining unsuccessful at all times and at all age levels 
The question aiiscs: Might not the factors underlying the main¬ 
tenance of gionp contacts be faiily independent of the factor of age 
level and of the factor of existing social relationships within the 
group? 

Data on the average length of a maintained contact and on the 
average number in a group will be presented in the section which 
deals with age level differences, page 452 

3. Conclusions An attempt was made to discovei some of the 
factors underlying the maintenance of gioiip contacts Data showed 
that pattern types which included Regard, Vocalization, and Co¬ 
operative Activity or Regaul, Vocalization, and Parallel Activity 
resulted almost universally m success. Since Regard and Conpeiatm 
Activity and Regard and Paiallel Activity without the accompany¬ 
ing vocalization also showed a high probability of success, might it 
not be said that the two elements appearing one or the other in most 
of the successful patterns—Cooperative Activity and Paiallel Activity 
—were the important factors underlying the maintenance of group 
contacts. 

Results showed consistently the success of these factors—Cooper¬ 
ative and Parallel Activity—^when used as a means of maintaining 
group contacts at any of the age levels, at either the Fall or Spring 
observation peiiods when the pievious intenelationships between the 
subjects involved might have had some influence, by eithei the most 
maladjusted child or by the one showing the best personality adjust¬ 
ment, by the child with the highest intelligence quotient and by the 
child with tlic lowest (all IQ’s included in the study were above 
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lOO). Success seemed to be dependent, to a greater extent, on tech¬ 
niques used rather than on peisonality patterns involved 

The question raised as to the relative importance of maturation 
and learning by experience m the maintenance of gtoiip contacts will 
be discussed in another section, on this page 

Analysis showed: {a) that 61 per cent of his free play tune was 
spent by the preschool child in social play, (^) that of the time 
spent in social play, 61 9 per cent was of the type of gioup play aimed 
for in Nurseiy School Education. It was also found that 70.2 per 
cent of the contacts maintained by the preschool child weie of the 
type found to be almost certain of failure in tlie mnintcnancc of 
gtoup contacts— Regard; Regard and Vacallzation, Regard and 
Physical Contact, Regard, Vocalization, and Physical Contact. The 
preschool child seemed to be at the beginning stages of social inter¬ 
relationships 

Correlated Questions 

1, Maturation and Leaintiig by Experience. Data relevant to 
the question of maturation and learning by experience may be seen 
m Tables 2 and 5 (pages 440 and 446) Although there was an 
increase with age in the total number of contacts initiated and the 
total number of seconds in social contact (trend upward with nega¬ 
tive acceleration following the typical growth curve attributed 
primarily to the effects of maturation), it was noted tliat in the 
Fall the percentage of success in initiating and maintaining group 
contacts did not show this gradual increase witli age. The per¬ 
centage of success for the two-year olds was 21 7 pec cent; for the 
three-year olds, 21 4 per cent; foi the four-year olds, 23.2 per cent. 
Progiess was shown over the six-months peiiod in nursery school 
for all age groups Furtheimoic the success attained by the two- 
year olds in the Spring was gieatcr than that of the three-yenr olds 
and even the four-year olds in the Fall. Similarly, the three-year 
olds showed greater success in the Spring than did the four-year 
olds in the Fall It was true that the four-ycai olds siiowcd the 
greatest progress over the six months, an increase of 15 7 per cent 
and 19 9 per cent respectively for successful approaches and foi main¬ 
tained gioup contacts, the two-year olds were next m order of 
progress, 9.8 per cent and 22.5 per cent respectively, the tliiec-year 
olds were last, 5 S^per cent and 7 5 per cent respectively Had tlie 
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progress been due solely to maturation, would not the three-year olds 
have shown gieatcr progress than did the two? This latter fact plus 
the one that success in social contacts did not ncccssaidy increase con¬ 
sistently with age seemed to indicate that matuiation alone was not 
responsible for success m social rclationbhips 

To conclude: It would seem that definite progress may be 
achieved through nurseiy sdiool guidance in the development of social 
behavior A 10 per cent average increase in the initiation of suc¬ 
cessful contacts and a 16 pci cent average increase in the time spent 
in gioup contact was found after six months in nursery school. In 
the Fall, the prescliool child participated in group play during 29 
per cent of hi<3 free play time; in the Spiing, 46 per cent. Similar 
effects of leaiiilng weic evident at the two- and three-year levels 
as well as at the foui-ycar level 

Learning by cxpciicncc the techniques of successful social adjust¬ 
ment seemed possible at the two-year level Cooperative Activity 
and Parallel Activity wcic established as two of these techniques.^ 
2. Age Level Differences. Restating fiist the major items com¬ 
mon to the various age levels, wc found' 

(I Pattern types used most frciiuently— Regardj Regard and 
Vocalization, Regatd and Parallel Activity —occuired as the three 
most frequent at all three age levels. 

b Types pioving most successful— Regard, Vocalization and 
Cooperative Activity! Regaid, Vocalization, and Parallel Activity, 
Regard and Coopeiatwe Activity, Regaid and Paiallel Activity — 
were most successful at all three age levels. 

c Success in the Fall and piogrcss from Fall to Spring were 
shown at all three age levels in almost equal amounts 
Yetj there were some slight differences m the two-, three-, and 
four-year-old social behavior patterns winch though not statistically 
significant at these age levels are of qualitative interest: 

a. Four-year olds made a greater number of approaches and 
spent a larger amount of time in social contact than did the three- 


*The advianbiluy of speeding up social behavior development by teach¬ 
ing, ] c, lessening the amount of trial and error the child must go through, 
was not the issue. The facts weic established that teaching w.as possible 
and that there were techniques for establishing and mainlnining success¬ 
ful social rclationsliips f.'iirly independent of the factors of individual 
peTsonalitics anti age levels 
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year olds and correspondingly^ the tlirec-ycar olds more than the 
twos. 

b. Conceining the 20 odd per cent of those patterns appear¬ 
ing infrequently— Regard and Physical Contact, Refftird and Co¬ 
operative Aciwity, Regard, Vocalization, and Physical Contact; 
Regard, Vocalization, and Parallel Activity; Regard, Voenhzation, 
and Cooperative Activity— all three age levels, the two-year olds 
used more often those involving physical contacts; the threes and 
fours, those involving cooperative activity 

c. The average length of a maintained contact increased with 
age For the two-year olds, it was 48 sec, for the three-yeai olds, 
59 sec., for the four-yeai olds, 79 sec 

d. The average size of the social group increased with age 
The social group at the two-year level averaged 2 30 members; at 
the three, 2.50 members, at the four, 2 62. 

e Sociability indices incieascd with age (The index was 
determined for each subject by adding to the total number of other 
children he contacted throughout his 7200 seconds of observation 
the total number of times he appeared m a social contact rccoided 
during the two-hour observations of the other twenty subjects.) 
Indices at the two-year level ranged from 600 to 1032 with a mean 
of 797 0, at the thiee, from 1104 to 1878, with a mean of 1364 3; 
at the four, from 1325 to 3189, with a mean of 2037 9 
To conclude: There vi^as an increase with age m the number of 
social appi caches made, in the percentage of time spent in social 
contact, in the more frequent use of Coopciative Activity and less 
fiequeiit use of Physical Contact as a technique, in the average 
length of a maintained contact, in the number of children partici¬ 
pating in one social relationship, and m the sociability index. These 
changes may be due to maturation It mav be tliat the two-yenr-old 
pattern has some limits set up by maturation Howevci, the data 
tend to show that success in social relationships, the ability to turn 
an approach into a successful one and a maintained contact into a 
group contact may be influenced through learning by experience and 
that this success was as possible at the two-year level as at tlie three- 
and four-year levels. 
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Summary and Conclusions 

An attempt was made to discover some of the factors underlying 
the initiation of successftil contacts and the maintenance of group 
contacts A successful contact, as hcie defined, was one which 
resulted in the estabUshment of a gidtip relationship between two or 
more children, biingmg them functionally and spatially together 
with some common underlying aim or Interest though not ncces- 
sanly of the overt type. This interrelationship lias potentialities for 
cooperation within the gioup both along the load towaid and in 
the attaining of the goal. Moreover, there will be acceptance of 
each member by the others—a positive feeling toward each other. 
Such a gioup may have destiuctlve aims as regards the rest of so¬ 
ciety) yet, so long as among the members similai aims, mutual inter¬ 
est and aid in attaining a goal aie evident, these members are con¬ 
sidered a gmnp. 

The investigation was carried through at the Vassar College 
Nursery School during the year 1933-1934. Tlie 21 children in 
attendance at the school were used as subjects. Thcii chronological 
ages ranged from 2 years, 0 months to 4 years, 9 months, their IQ’s 
from 103 to 141. 

A two-hour observation (24 five-minute observations) was made 
of each of the subjects; one hour in the Fall, during the first three 
weeks at nuiscry school, the other in the Spiing, sijt months later. 
Records timed to ten-sccond intervals wcic kept of significant items 
in the social behavior pattern of the subject and wciC supplemented 
by a complete lunning diary record of the five minutes 

Emphasis was placed on social behaviot items m.inifcsted ratlier 
than on the individual’s personality. In the analysis of the data, 
separate items of social behavior were studied always in context, a 
simple pattern of from one to three basic items adopted for use. 
Data obtained for the total group and for the separate two-, three-, 
and four-year age groups permitted the study of age level vaiiations 
in addition to behavior items. Data obtained foi the total period 
of observation and for the Fall and Spring periods sepaiately per¬ 
mitted the study of changes over a six-months period in nursery 
school. 

A total of 1976 approaches was observed and the success of each 
m establishing a group contact noted. Similarly, 91,980 seconds of 
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social contact—the time accumulation of 1726 maintained contacts 
—were obseived and the pciccntagc of the time in group contact 
noted Of the total numbei of contacts initiated, 27 3 per cent 
were successful. Of the total free play time, 37.8 per cent was 
spent in group play. 

Distribution of the I'976 approaches and the 1726 maintained 
contacts among tlie eight pattern types was made. Tlie percentage 
of success per type was found Results showed that the factors of 
Cooperative Activity and Paiallel Activity seemed to determine 
the success in the initiation of and in the maintenance of group con* 
tacts. At all three age levels, at both the Fall and the Spilng 
observation periods (when, at the latter, the factor of prc-cstablished 
mter-social habit patteins was involved), with either the well- 
adjusted or maladjusted child, with cither the highly intelligent or 
average child, the pattem types of approach and of maintained con¬ 
tacts which included as an item, Cooperative Activity or Parallel 
Activity, retained high probability of succe^ and those which did 
not invariably failed to establish gtoup contnets. 

Child A, most socially accepted, was the one using most fre¬ 
quently the patteins which pioved to be successful while Child B, 
least socially accepted, was the one using least often those patterns. 
Since both children, A and B, when using types shown to be of 
little positive value in establishing gtoup contacts, were equally un¬ 
successful!, would It not seem that success in social relations was to 
a greater extent influenced by the techniques used than by the per¬ 
sonality of the subject? 

Results of the Fall observation showed the four-year olds to be 
not more successful in establishing group contacts than were the 
two-year olds. Fiogress over the six-months peiiod was shown by 
both the two- and fowi-year olds. Would it not seem tliat in the 
establishment of successful social contacts, the factor of learning 
by experience was perhaps even more important than the factor 
of maturation^ Maturation did seem to set a limit to the number 
of approaches made, to the length of time in social contact, 
to the duration of a contact, and to the number of children 
in a group (all of which factors do show a definite increase 
with age) However, within the limits set by matuiation, the 
proportionate success in the establishment of successful gioup con¬ 
tacts did not show this increase with age—this effect of matura- 
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tion. The two-year olds, when using techniques shown by the data 
to be among those underlying the establishment of successful social 
contacts, were as successful as foui-year olds Two-year olds did 
learn techniques for establishing group contacts. Two of these 
techniques wete to make approaches through Parallel Activity and 
Cooperative Activity. 
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UNE £TUDE DE QUELQUES-UNES DES TECHNIQUES A LA BASE 
DE L’ETABLISSEMENT DES CONTACTS SOCIAUX 
RfiUSSIS AD NIVAU PRESCOLAIRE 

(Resume) 

On a fait une observation duiant deux hcurcs du comporteinent social dc 
chacun de 21 enfants d’age prdscolairc poui decoiiviir les techniques ^ la 
base dcs contacts sociaux i^uasis L*£tude dcs doniiccs sur Ics 7 enfants 
ag6s dc deux ans, Ics 7 ages de trois ans, el Ics 7 ages dc quatic ans .a donn6 
des rcsultats sui les vatiattons du niveau d’age. Une comparnison dcs 
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observationa fakes en automne av^ec celles d« pr^ntemps a montri des 
changemcnta du corcipottemcnt social dans nne p4r\o<lc dc s\:i mois dans 
I’dcole maternellc On a gard6 lea foimes du coinportemcnt dans I’analys? 
pour empccher une evaluation “a prion” dea points mdividuels aur le 
auccSs oil I’lnsuicis du contact 

Les donneea ont tnontre que lorsque I’on a craplo/d I’nctivitd cooperative 
ou I'activitd parall^le comme techniques, Ic contact initie a rdsulte dans ua 
contact collectif de la sorte voulue par renacignement de I’icolc maternelle 
LeH enfanCs dc 4 ans n’ont pas bcaucoup plus r^iissi quc ccux de 2 nns. 
Tous Ics nivcauT d'agc ont montri dea progrea entrc I'aiitomnc ct le prin- 
temps Le succes dans I'^tablissement dea contacts sembic plus dcpcndrc 
dea techniques employees que dea caracteriatiqucs de la pcrsonnalitd dcs 
sujets, de I’age, ou de Petat ant^rseur dea relations, L'enfaiit d'agc pri 
Bcolairc, en employont le plus fr^quemment le simple regard ou la vocaliaa 
tion comme techniques d’approche, n’a r£u8si que 27 ,du temps. 

Ma! lav 


EINE UNTERSUCHUNG VON EINIGEN DER DER FESTSETZUNG 
ERFOLGREICHER SOZIALER BEZIEHUNGEN BEI VORSCHUL- 
PFLICHTIGEN KINDERN UNTERLIEGENDEN METHODEN 

(Refcrat) 

Einc zweiatundige Beobachtung dcs aowalen Vcrhaltena jedes von elnund- 
zwanzig vorschulpflichtigcn Kiodern tvurde augsefiihrt, iim die der Fesiset* 
zung etiolgrctcher sozialcr Be.iiehungcn iinterliegcndcn Methoden 7U 
entdecken Erne Untersuchung der Datcn uber die siebcn zvrei-, sieben drci-, 
und aicbeti vierjahrige Kinder ergab Resultatc uber die Altersniveauvana- 
tioncn Em Vergleich der in llerbat gcmachten Bcobachtungcn mit den im 
Ffuhling gemachten Beobachtungen wim Verandcrungen dea sozialen verhal- 
tens uber einen Zeitraiim von sechs Monanten m der Schule auf Die 
Verhaltensgebilde wurden m der Analyse behalten, urn clas Geben von 
irgendeincm “a pnoii” Gewicht den verschicdenen Emzclhciten uber 
Erfolg odor Misseifolg der Bcziehungen zu yernieiden, 

Die Daten zcigen, dass, wenn zusammenwirkcnde oder /iiisammenlau- 
fende Taligkeit als Methode gebraucht wird, die nngcfangenc Ikziehiing 
in eine Gnippenbezieliung iibeiging, woraiif die Pflegcer/iehiing zielt 
Vierjahrige Kinder waren nicht viel erfolgreicher nls die zwcljahriKen 
Alle Giiippen wiesen Fortschritte vom Herbst bis zum Friihlmg aiif Der 
Erfolg in der Festselzung von Bevieliungen sclucn melir von den gebraitcli- 
ten Methoden abzuhangen als von den PersnnlichkeitscigenscUafien, dcin 
Alter, ode] von dem voriiengen Stand des Verlmitnisscs der Vpn, Das 
vorschulpflichtige Kind bcim Gebraiich am haiiliRsten von cinfacher 
Betrachtimg oder Volkahaatioo als Methoden, war nur 27,3% clcr Zcit 
crfolgreich 
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A STUDY OF THE CONFUSING LETTERS 
B. D, P, AND Q* 

From ihs Child Study Department of ike Board 0 / Education of 
Rochester, New York 


Helen P Davidson 


The data to be piescnted in this study were gatheicd at the same 
time and from the same childien as those which formed the basis 
of "A Study of Reversals in Young Children” (1) In the latter the 
extent to which young children made reversal errors in a test of 
form discrimination and in a test of woid discrimination was 
analysed In this, the thiid and last test of the series, the extent to 
which these same young children confused b witli d, and p with q, 
reversal errors m a letter discrimination test as it were, was studied 
The test was given to all the kindeigarten and fiist-grade pupils 
attending the four public schools with which the writei was con¬ 
nected Practically all of these pupils had been given Stanfoid-Binet 
tests during the year by the wiiter The Letter Pciception Test was 
given at a later time of the same day as the other two tests, the ordei 
of presentation being Form Perception Test, Woid Perception Test, 
then Letter Perception Test, so as not to make the children letter 
conscious at the start Complete data for the letter test aic available 
for 48 kindeigarten and III fiist-giadc children, 159 m all. From 
Table 1 it will be seen that the distribution of intelligence of these 
children is a very noimal one 


TABLE 1 

Distribution of iNTBULiorNCE Based on Stanford-Binets 


N 

Pupils 

Mean CA 

Mean MA 

Mean IQ 

Sigma 

159 

Total (kgn. and 

gr. 1) 6yr8i 5 02-moa 

6 yrs, 4 38 mos. 

99 80-+-0 78 

14 72+0,56 

111 

First-grade 

6 yrs 8 55 mos 

6 yrs 7 15 mos 

99 03-1-0 96 

14 97''-0.67 

48 

Kindergar¬ 

ten 

5 yis. 8 88 mos 

5 yrs to 88 mos. 

101 79+1 37 

14 03+0 97 

62 

First-grade 

boys 

6 yrs 9 08 mos 

6 yrs, 6 08 mos 

97.16+1 26 

14 67+0 89 

49 

First-grade 

girls 

6 yrs 7.89 mos 

6 yrs, 8 5 mos. 

101 39+1,47 

IS 24+1.04 


•Accepted for publication by Carl Murchison of the Editorial Board and 
received in the Editorial Office, June 4, 1934 
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The Letter Perception Test devised for this experiment was m 
the nature of a cancellation test A certain letter was printed m 
large black type at the left side of a sheet of papei After it a "box” 
was drawn containing four rows of ten letters each Among these 
letters were five identical to the given letter, five of the letter most 
likely to be confused with it (the murored opposite in the case of 
di g, and b), seveial each of other possibly confusing letters including 
several tall letteis in case "tallness” was an important factor m 
lettei recognition, while the remainder weic randomly selected 
letters. The childien were instructed to look at the given letter, 
then find every one exactly like it in the box and mark it when they 
found It Theic was one practice cxeicisc The test was given as 
a group test There were no time limits, all children being given 
sufficient time to complete it In this way the letters d, ey n, g, and b 
were studied. Although the chief inteicst was to see the extent to 
which d would be confused with b, and q with it was also thought 
advisable to sec if d would also be confused with p and q, as well as 
g with d and b. It was also thought that e miglit be easily confused 
with c and o, and n with «, yr, and h, so these were included in the 
study, and a test with b was added as a check on the test with d 
The writer had expected to be able to tabulate tlie number of each 
type of eiior made, but it was soon evident that many of these 
young children wcie unable to persist in the task until they liad 
found everj’ letter of the kind they were seeking Some were con¬ 
tent when they had marked only two or three. Accordingly it was 
unsafe to base calculations on the number of errors made The 
following procedure has therefore been used A child has been 
ci edited as having confused b with d whether he maiked one b or five 
b’s It was a rare child, of course, who marked only one 

A few children made other crrois than the ones picsented in the 
following tables, but since so few made the same mistake tliese errors 
must be regarded as chance criors and, in some cases, as persevera- 
tjons from the pievious test More consistent errors, but not suf¬ 
ficiently numeious to tabulate, were as follows: Three pupils con¬ 
fused d with h, five d with /, three q with k, four b with /i, and one 
b with / The letter e was confused so seldom with any lettei that 
It has been omitted fiom the tables The letter rn was not confused 
with n so it has also been omitted In marked contrast arc the con¬ 
fusions presented below. 
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TABLE 2 

Percentage or Kindercartpm and Eirsi-Gradp Pupils Making Each 
Type or Error 


Grade 

N 

d-b 

d-p 

d-q 

n-ii 

n-h 

q-p 

q-b 

q-d 

b-d 

b-p 

b.q 

Kgn 

48 

93.3 

50 0 

35 4 

25 0 

35.4 

95 8 

43 8 

271 

87 5 

39 6 

41.7 

Grade 1 

111 

64.9 

189 

13 5 

99 

13 5 

621 

10 8 

13 S 

60 4 

189 

IS 3 


From Table 2 it is seen lliat a much larger pcicentage of kinder¬ 
garten than first-giade children made every type of error studied 
Practically all the kindergaiten children confused d with q with 
and h with A A smaller but substantially large percentage of 
first-grade pupils made these same errois. The letter n was con¬ 
fused with h to a greater degree than with ri. 


TABLE 3 

Percentage or Pupils at Each CA Lpvcl Making Each Tyjt of Error 


CA 


N 

*d-b 

d-p 

d-q 

n-u 

n-h 

q-p 

q-1) 

q-d 

b-d 

b-p 

b-q 

5-0 

to 

S-S 

14 

786 

50 0 

28 6 

214 

28 6 

85 7 

28 6 

28 6 

785 

357 

3S7 

5-6 

to 

s-u 

40 

85 0 

37 5 

25 0 

20 0 

27 5 

90 0 

37 5 

22 5 

80 0 

30 0 

300 

6-0 

to 

6-5 

34 

70 6 

20 6 

20 6 

59 

59 

64.7 

8 8 

88 

55 9 

11.8 

20 6 

6-6 

to 

6-11 

38 

76 3 

26 3 

23 7 

184 

28 9 

68 4 

23.7 

21 1 

71 1 

26 3 

211 

7-0 

to 

7-5 

16 

62.5 

12 5 

0.0 

63 

125 

56.3 

0,0 

63 

563 

37 5 

18 8 

7-6 

to 

7-11 

3 

37 5 

25 0 

00 

12 5 

12.5 

50 0 

25.0 

12 5 

37 5 

125 

00 

8-0 

to 

8-5 

6 

66 7 

16 7 

16 7 

0.0 

16 7 

66.7 

00 

00 

83.3 

167 

0.0 

8-6 

to 

8-11 

2 

50 0 

0.0 

00 

50 0 

0.0 

50 0 

00 

50 0 

TOO. 

00 

50 0 

9 0 

to 

9-5 

0 




— 

— 

— 

— 


— 



9-6 

to 

Ml 

0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

10-0 

to 

10-5 

1 

100 

100 

100. 

00 

00 

100 

0.0 

100 

100 

100 

100. 


•“d-b” means tlic pupil marked 1/ mstend of d. Similarly "d-p" means p 
was marked instead of d\ “n-u” means u was marked instead of n, etc 


Table 3 shows the percentage of chlldicn at each chronological 
age level who made the vaiious types of cirors. Although, generally 
speaking, there was a decrease in the number of errors with in¬ 
creasing chronological age, it was by no means a consistent decrease. 
It IS interesting to note fiom Table 4 that it was not until a 
chronological age of seven and onc-half years was reached that 50 
per cent of the pupils of any age level were able to select A, q, and b 
without error The letter « was apparently moic easily identified 
In striking contrast are Tables 5 and 6 which reveal a marked 
correspondence between increase in mental age and decrease in errors, 
particularly of the d, 5 , and b variety. It is interesting to note that 
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TABLE + 


Percentage of Pupils at Each CA Level Selecting d , », q , and b 
Without Error 


CA 



N 


d 

only 


n 

only 

q 

only 


b 

only 

5-0 to 5-5 



14 


14.3 


50 0 

14 3 


14 3 

5-6 to 5-11 



40 


10 0 


52 5 

10,0 


12 5 

6-0 to 6-5 



34 


26 5 


76 5 

32.3 


41.2 

6-6 to 6-11 



38 


211 


65.8 

31.6 


26 3 

7-Q to 7-5 



16 


37 5 


813 

43 8 


25 0 

7-6 to 7-11 



8 


50 0 


750 

SO 0 


50 0 

8-0 to 8-5 



6 


16.7 


66 7 

167 


167 

8-6 to 8-11 



2 


50.0 


50 0 

50 0 


0,0 

9-0 to 9-5 



0 


— 


_ 




9-6 to 9-11 



0 




— 



_ 

lO-fl to 10-5 



1 


00 


00 

00 


0,0 





TABLE 5 





Percentage 

or PUPIIS 

Ai Each MA Lpvcl 

Making Each Type 

OF Error 

MA 

N 

d-b 

d-p 

d-q 

n-u 

n-li 

q-p q-b 

q-d b-d 

b-p 

b-q 

4-6 M 4-11 

8 

100 0 

62 5 

25 0 

125 

37.5 1000 62 5 

50 0 87 5 

50 0 

500 

S-0 to S-S 

15 

867 

53 3 

40 0 

46 7 

26 7 

86 7 46 7 

46 7 93 3 

40 0 

40 0 

5-6 to 5-11 

30 

867 

46.7 

33.3 

23 3 

40 0 

83 3 26 7 

16 7 80 0 

33 3 

40 0 

6-0 to 6-S 

34 

79 4 

23 5 

147 

88 

117 

82 4 8.8 

117 79 4 

20.6 

14.7 

6-6 CO 6-11 

33 

72 7 

21.2 

18 2 

91 

15 1 

69.7 18 2 

15 1 60.6 

24 2 

18.2 

7-0 to 7-5 

23 

565 

8 7 

43 

88 

13 0 

56 5 17 4 

13.0 56.5 

174 

17.4 

7-6 to 7-11 

11 

363 

91 

18 2 

0.0 

9.1 

36.4 0 0 

0 0 27 3 

9,1 

00 

8-0 to 8-5 

4 

25 0 

0.0 

00 

00 

00 

25 0 0 0 

0 0 25 0 

00 

00 

8-6 to 8-11 

0 

— 


— 

— 

— 

_ _ 

— —, 


— 

9-0 to 9-5 

1 

1000 

00 

00 

00 

00 

00 0 0 

00 oo 

0,0 

oo 





TABLE 6 





Percentage or Pupils at Each MA Level Selecting d, n, q, 

AND b 





Without Error 









d 


n 

q 


b 

MA 



N 


only 


only 

only 


only 

4-6 to 4-li 



8 


00 


37 5 

00 


OO 

5-0 to 5-5 



15 


0.0 


26 7 

6.7 


00 

5-6 to 5-11 



30 


67 


43 3 

167 


100 

6-0 to 6-5 



3+ 


147 


70 6 

17 6 


14 7 

6-6 to 6-11 



33 


25 4 


81.8 

30 3 


36 4 

7-0 to 7-5 



23 


43 5 


73 9 

39 1 


39 1 

7-6 to 7-11 



11 


54 5 


90 9 

63 6 


63 6 

8-0 to 8-5 



4 


75 0 


100 0 

75.0 


75-0 

8-6 to 8-11 



0 


— 


— 

— 



9-0 to 9-5 



1 


0.0 


100 0 

100 0 


100 0 
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It was not until a mental age of eight years was icachcd that 75 per 
cent of the pupils made no enor in selecting d, q, and b, while a 
mental age of six and one-half ycais was sufficient for n. 

In analysing these tables to see whcic the greatest decrease in error 
comesj one cannot but be struck with the way in which the errors 
fall into groups The greatest decrease foi d-b, q-p, apd b-d is between 
the mental age intervals 7-0 to 7-5 and 7-6 to 7-11. The greatest 
increase in ability to select q and b without ciror also occurs at tins 
point while that for d comes six months later All but two of the 
othei types of error fall between the 5-6 to 5-11 and 6-0 to 6-5 
inteivals, and these come six months cailici Fiom this one cannot 
but conclude that giowth in ability to distinguish between the 
letteis of the alphabet is closely allied with incre.i'^iiig mental age, 
that the majoiity of the letters aie easily distinguished, that the d-p^ 
d'Q, «-«, q'b, Q'dy b'p, and b-q confusions giow considerably less 
between the mental ages of five and six yeais, but it is not until 
a mental age of at least seven and onc-half years is leachcd tliat there 
IS -a distinct increase in ability to avoid d-b, p-q, and b-d confusions, 
and in ability to select d, q, and b without crior. At this point it is 
worth noting that in the writer’s cailici study the gicatest decrease 
in form and woid reversal enors appeared to fall between the mental 
age groups 5-0 to 5-5 and 5-6 to 5-11. 

It has long been known to cdiicatois that young children confuse 
b with, dj and p with q very leadily, and this nvatLer leecved 
fresh attention in leccnt ycais from invcstigatois in the field of lead¬ 
ing disability. Accordingly it might not be out of place at this 
junctuic to considei what may be involved in this phenomenon. 
Orton has advanced his theory of lack of coitical dominance to 
explain why some children lead letters and words backwards The 
following quotation sets forth his viewpoint veiy clearly 

Fuither, the difHctilly in our cases of reading disability in 
differentiating p from q, and b from d and their tendency to 
copfuse palindromic woidb Wke not and ton and on and no sug¬ 
gest that the mnemonic recoid exists in the biain id both oricn- 
tutiona. 

Letters are in themselves merely objects until they have 
come to acquire meaning through sound associations oi througli 
association in groups of sounds which consiiuitc a word. We 
would therefore assume that in the pioccss of early visual 
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educntion, the stotage of memory images of IcUcts and words 
occurs in both hemispheres, and that with the first efforts at 
learning to read the external visual stimuli irradiate equally 
into the assocntion cortices of both hemispheres, and are there 
lecordcd In both dextrnd and simstrad orientation Images of 
objects require no definite orientation for recognition or dif¬ 
ferentiation, but when vre arc dealing with letters which have 
come by custom to be used in one orientation only, it is clear 
that the onentatjon of the recalled image must correspond with 
that of the presented symbol, or confusion will result 
Tina suggests the hypothesis that the process of learning to 
read entails the elision fiom the focus of attention of the con¬ 
fusing memory images of the nondommnnt hemispheres winch 
aie in reversed form and order, and the selection of those 
which are correctly oriented and m correct sequence (3) 

Orton’s theory, expressed above, would explain why d is confused 
with b, but It is difficult to sec how it would explain why d is con¬ 
fused with p and q. If the letter d is swung on its own axis through 
an angle of 180 degrees it becomes p, and if it is turned completely 
over m an up and down direction it becomes q. Both of these posi¬ 
tions could theicfore be considered upside down inversions of (i> 
Although the reversal errors aie much more frequent than the in- 
vcision errors, the writer is inclined to believe they are part of the 
same phenomenon 

Deaiborn (2) distinguishes between reversals, such as twi for 
t07i, and alteiations m coriect sequence of letters, such as fiarnmg 
for fantiiug. He states 

iRcyeisnls me associated with left-Iinndedncss and lefc-cyed- 
ness, and die alteiations are associated mill devinUoiis from 
the usual conditions of lateral dominance of hand and eye, 
as in ambidexterity of hand and eye, change of handednesa and 
eyedneas, and the combination of right-imndedness and left- 
eyedness or of Icft-handedncss and nglit-cyedncsa In a large 
peicentagc of the cases of alteration and in sortie cases of re¬ 
versal a condition of muscular imbalance of tlic eyes (heter- 
ophona) seems, as has been shown by Charles Sclzcr, to be n 
complicating factor 

Unfortunately the writer did not study the iiandedness and eyed- 
ness of the pupils used in this experiment and so is unable to throw 
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any light on this angle of the problem. However, the almost uni¬ 
versality witli wlildi the kindergarten children of this study made 
reversal errois, if suppoited by further investigations, and the very 
early age at wliich linndedncss and eyedness appear to be established, 
judged by such experimental literature as is available, would seem 
to be at variance with the above theories. There is much need for 
furtlier extensive investigation to dctcimine the relationslup, if any, 
between reversal errors m reading and handedness and eyedness. 

Tire writer, having appioached this pioblem of reversals as a re¬ 
sult of her woik with young normal children, has suggested the 
possibility that words to young children arc independent of their 
absolute spatial positron, and so a young child can recognize a word 
no matter in what positron it may lie In her previous study she 
showed that the tendency to make reversal errors in a test of geo¬ 
metric forms and in one of words was practically universal with 
kindergarten children and that it decreased with increasing mental 
age and experience. Tins expcilmcnt with letters shows similar re¬ 
sults There is a tendency for certain letters to be confused with 
each other and some of these confusions persist longer than others 
The upside down confusion, tl-p, d-q, q-b, q^d, b-p, b-q, and is 
apparently largely overcome between the mental ages of five and one- 
half and SIX years, but the Icft-to-nght confusion not until a mental 
age of seven and one-half years or more. The writer has occasionally 
used this letter test with first-grade children witli a mental age of 
more than six years who were failing to leain to read. Sometimes 
a child would mark the b*s as well as the d’s, then stop and erase the 
b's, saying: "This faces this way and that faces that way" Other 
children would maik all the b*s and d’s At the conclusion of the 
test the writer would point to the "model" letter, then to one after 
another of tlie letters marked by the child, asking: "Is this the same 
as that?" Some children replied in the affirmative to all. One or 
two said "Yes,” then added “This faces this way and that faces 
that way." These observations were made on only one or two 
isolated cases but seemed to indicate that the child noted tlie dif¬ 
ference in orientation of the letters but did not consider that this 
fact made them diffeicnt. This type of recognition would seem to be 
similar to that in which the child recognizes a chair no matter in 
which way the seat is facing. A chair turned upside down might 
possibly be another matter, however. The upside down positron disr 
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torts an object more than the left to right inversion. Although 
some children might recognise it as a chair, it is conceivable that 
others would fail to see its resemblance m such a position. 

In her previous study the writer found that 8 per cent more boys 
than gills made form reversal errors and 10 per cent more word 
reversal errors. This indicated the possibility of a sex difference in 
the perception of words which might have some bearing on the fact 
that more hoys than girls develop into reading problems. These 
data were arialysed to see what light they shed on this same subject, 
and are presented in Table 7 


TABLE 7 

Percpntagb of Boys amd Girw Making Each Type of Error 



ICindergflrtcn 

First 

Grade 


Boys 

GirU 

Boys 

Girls 

Error 

(23)* 

(25) 

(02) 

(49) 

d-b 



72 6 

55.1 

d-p 



24 2 

12.2 

d-q 

39,1 

32.0 

16.1 

10.2 

n-u 

26 I 

24 0 

16 1 

20 

n-h 

34 9 

36 0 

8 1 

20.4 

q.p 

95 6 

96 0 

75 8 

449 

q-b 

30.9 

560 

11 3 

102 

q-d 

17 4 

36 0 

161 

10 2 

b-d 

86.9 

88.0 

66 1 

53 0 

b-p 

34 3 

440 

24 Z 

12 2 

b-q 

39 I 

440 

22 6 

6 1 


•Figures in parentheses indicate the number of subjects 


It is at once seen that there is no apparent sex diffeience among 
the kindergarten boys and girls. This is not unexpected since prac¬ 
tically all the kindergarten boys and girls made the b-d and p-q 
eriors, and so whatever is operating to produce these criors is com¬ 
mon to all In striking contrast are the first-grade results, however 
A larger peiccntage of boys than girls made 10 out of tlic 11 types 
of errors studied The only item in which the girls were poorer 
was in the 7 i-h error, which is a diftcrent type of error than the 
inversions involved in the othcis From Table 1 it is seen that the 
first-giade girls weie slightly blighter than the first-grade boys, but 
the difference was less than the probable error of tlic score, and so 
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was probably not a significant difference. Accoidingly, althougli the 
number of pupils is not large, the consistency with which the first- 
grade boys are inferior to the first-grade girls in discriminating 
between these letters would appear to indicate a genuine sex dif¬ 
ference and so would confiim the findings with geometric forms 
and words 


Summary and Conclusions 

The purpose of this experiment was to determine with what 
letters and to what extent iinscicctcd young children confuse the 
letters d, e, «, q, and /», respectively, the chief Interest being directed 
toward the reversal type of errot. 

A Letter Peiception Test was devised for this purpose and given 
to 48 kindeigarten and Ill first-grade children whose distribution 
of intelligence as measuicd by Stanford-Binct IQ's proved to be a 
very normal one. 

The results revealed that a larger percentage of kindergarten than 
first-grade cliildrcn made every type of ciroi. Piactically all kinder¬ 
garten children confused d with bt q with and h witli d. A smaller 
but substantially large peicentagc of fiist-giadc childien made simi¬ 
lar errors. 

The errors, with one exception, fell into two groups, namely, re¬ 
versal errors and inversion criors. The one exception was the n-h 
error 

There was a maiked and consistent decrease in the percentage of 
childien making errors with increase in mental age Between the 
mental ages of five and onc-half and six years there was a marked 
decrease in the peiccntage of childien making the following errors: 
«-«, n-h, q-b, q-d, d-p, d-q, b-pj b-q. The greatest increase in ability 
to avoid d-b, p-q, and b-d ciiors, and in ability to select d, q, and b 
without any error whatever, did not occur until a mental age of at 
least seven and one-half years had been reached 

No evidence of a sex difference was found among the kindergarten 
children but a laiger percentage of fiisl-giade boys than first-grade 
girls made 10 out of the II errois studied. The one exception was 
the n-h error which is a diffeient type of erior from the others 
This consistent difference suggests the picsencc of a ical sex dif¬ 
ference and corroborates the indications of a sex difference found 
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by the writer in her study of form reversal and word reversal 
errors It lias an important bearing on first-grade reading in view 
of the larger number of hoys who present serious reading diffituUies. 

These data indicate that some letters of the alphabet are more 
difficult to discriminate than others The letters that are the most 
difficult to distinguish between are the pairs of letters that are the 
reversal of each othei Letters that are the upside down inversion 
of others are also difficult to differentiate but not nearly so difficult 
as reversals. Increase in ability to discriminate letters comes with 
increasing mental maturity and experience. This would fit m with 
a genetic theory of form perception. 

There are indications that children pass through certain stages 
before they are able to distinguish between b and d, p and q. In tlic 
first stage, for example, they confuse b with rf, />, and q. Apparently 
the fact that all four letters consist of a circle and a stem is suf¬ 
ficient to establish their identity. In the second stage they confuse 
b with d but not with p and q. The direction of the stem is ap¬ 
parently a determining factor. In the third stage they consider 
b and d to be alike although they recognise that these letters face 
different ways In the final stage they recognise that b and d are 
actually different letters The above indicates that young children 
recognise letters independently of their absolute spatial position. 
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UNE 6TUDE DES LETTRES EMBROUILLANTES B, D, P, et Q 

(Resumd) 

On a fait cettc experience dans le but de d^terininer nvee quellea Icttrea 
et i quel degrd lea jeunea enfants non choisis embrouillent lea lettres a, 
e, n, c, et b, respectivement, I'intirct principal itant dirig£ vers le type 
renversi d’erreur 
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Dana ce but on a fait un Test dc Perception dca Lettres et I'a fait subir 
ii 48 ^Jivea d\i ;antm dea enfanta et i 111 6ifivca de premiere nnnic de 
I’^colc ^Idmcntaiic dont la distribution dc I’lnteUigence, mesuree par les 
QI Stanford-Binct, s'cat montr^e tres norrnalc 
Les r^aultats ont montr4 qne pins des 6livea dii jarclin dea onfanta que 
ccHK de J’^cole elimeniaire ont fait chaque type d'orreur A pen prfis tons 
Ic*) tilev'es dii jardin dcs enfanta ont einbroiiill6 d ovec b, q avec p, ct b 
avee d TJn pourcentnKc plwa petit maia asse/ grand dca enfanta de I’dcole 
^l^mcntaiic ont fait dca erreurs semblahlca II y a cu unc diminution dis- 
(inctc cC constantc ciu pourcentage dca enfanta qui* ont fait dea cnenrs nvee 
I’avanccmcnt dc ITigc mental. 

On n'a troiiv^ aiicune Evidence d'line difference de sexe pnrmi les 6Uves 
du jardin dca cnfnnts, mois un plus grand poiifccntngc des garqona que 
dcs iilles ont fnit diT siir (es onze erreiira ^(iidifcs, la scale exception £tant 
I’erreur u-h qui n’est pas nn type d’crrcni renverse on invcrti comme les 
autrea Cccl corroborc les indications d'unc diff^icnco de sexe trouv^e par 
I'aiiteiir dans son (tude dcs erreura renvcrs^cs dc forme ct dc mots 

Davidson 


EIN STUDIUM t)UER DIE VERWECIISLUNO DER BUCHSTABEN 

n, D. P, UND Q 

(Kcfcrat) 

D«i Zvrcck dieses Experiments svar die Fcstcllungi mlt weicKen Buch- 
atnbcti und 211 welclicm Grad tmausgcwahUe jutige Kinder die Buchstabcti 
ifj iij <}> und b vervvccbscin Das Ilauptinttrcssc wurde auf den Vert* 
auschitngstyp von Irrtum gerlchtet 

Ein BiichstflbenwahrnchmunKstcst wnrde 7U dicsem Zwcek aufgesttllt und 
48 Kindcrn dcs Kindergartens niul 111 der cisicn Stufe (fir&t grade) 
gegeben, dcicn IntelligcnzverteUinig nach dem Stonfoid-Binct sich als 
normal zcigtc 

Die Eigcbtiissc 7cigcn, dass eul groascref Piozentsatz der Kinder des 
Kindergartens als der Kinder der cresten Stufe jcdcii Typ von Irrtum 
machen. Fast nlle Kinder dcs Kindcrgnrtem verwecbscltcn d mit b, q inif 
P, and b mit d Em kleincrer, aber betrachtiich giosscr Frozentsatz der 
Kinder cresten Stufe machten nhnliche Fchici. Es gab emc deutbclic und 
gleichinassige Abnalimc dcs Prozeiisatzca der Kinder bei einer Zimahmc dea 
geistigen Alters, die Febfei machten 

Kcin Bcwcis eincs Geschlechtsunterschicdcs untcr den Kindcrn dea 
Kindergartens stellte sich herani, nber cin grosaercr Frozentsatz der 
Knaben als der Madohen maohten zehn ana den elf iintersiichten FehUrn, 
die eine Aussnahmc wai tier Fehler nut m-/i, der nicht ein Vcrtauscliiings- 
Oder Umstellungstyp von Irrtum 1 st, wie die nndcren Dies bestatigt 
Andeutungen eines Gcschlechtsuntcrschicdcs, den von det Verfnssciin in 
ihrem Studium uber die Form- und Wortvcrtauachungsirrtumcr gefunden 
wurde 


Davidson 



SHORT ARTICLES AND NOTES 

A NOTE CONCERNING CEREBRAL DOMINANCE IN 'I'HE RAT 

R Yorkp Herrbn and Donald B Lihdsley 

The fact that the two hntvea of the braia arc mirrored counterparts of 
each othci, together with the reversals seen in reading, spelling, and stut¬ 
tering disabilities, has led Orton (4*6) to posiulntc that a pattern estab* 
lished in the dominant hemisphere would, when activatcdj produce a 
response in harmonious orientation with the stimulus pattern, wliile the 
same pattcin of the opposite or non-dominant hemisphere would, if ncti- 
vated iininhibitedly, produce a response the mirrored image of the stimulus 
pattern To test the hypothesis that comparable engrains in the two 
cerebral hemispheres, when activated, produce motor expressions which 
are mirrored counterparts of each other, the following experimentation was 
lindertnicen 

The handedness of 16 mature male rats was detcrmiuecl after the method 
of Tsai and Maurer (9), a method which has been used by others, notably 
Peterson (7) The animals were starved foi two days, and then placed in 
n round wire cage through the floor of which the round mouth of n bottle 
protruded about a quarter of an inch The bottle was filled with line 
bread crumbs and the number of times the animal reached in with each 
hand foi food Nvas counted All animals were given 50 trials a day for 
six days, both before and after operation 
With the exception of a few mixed responses on (he first two days of 
testing, the rats all showed a definite preference for cither the right or 
left hand Twelve of the rata were left-handed and four nght-hnnded in 
this food-reaching test As shown by Peterson (8) in a recent ttudy this 
docs not necessarily mean that a rnt manifesting prefeientinl use of a hand 
on this test will do so in different situations Ilowcvci, since the preferen¬ 
tial ,use of a hand in Che food-reaching situation seems to remain stable in 
any one rat tested over a considernble period of time, and since tlic studies 
of Peterson as well as this one have shown that the destruction of nn ap¬ 
propriate area of the coitcx contralateral to the preferred hand will cause 
a gradual shift to the use of the other hand following the operation, we 
have assumed that handedness as manifested by food-reaching tests is an 
index to the dominant hemisphere 

The animals, regardless of handedness, were then all trained to run a 
simple, inclosed marc (Figiiic 1), which when turned over afforded a marc 
pattern the mirrored counterpart of the original All animals were allowed 
to overlcarn the maze in an elFoit to equate the dull with the more intelli¬ 
gent animals After the maze had been lun for eight days with no improve¬ 
ment, the animals were operated 
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FIGURE I 

A Simple, Incloseo Maze Which Can de Turned Over to Afford a 
Pattern of thf Opposite Orientation 
S IB the storting cKamber, F the food box 

Under sodium amytnl anaesthesia (6 mgms per 150 grams body weight, 
injected intrapcntoneally) the dominant hemisphere, as indicated by the 
handedness, was exposed and cauterized as widely as possible The inci¬ 
sions were then closed under aseptic precautions and the animals allowed 
to recover. After a two-week convalescent period the animals were divided 
into two groups by random selection. One group ran n maze the mirrored 
image of the original, while the other group ran the maze in Its original 
orientation In the post-operative mare running, no attempt was mnde to 
have both groups run their respective mazes perfectly, the experiment being 
terminated when the rata of one group aucccssivcly ran the maze without 
bettering their scores in time or errors. 

At the termination of the experiment each animal was autopsicd Serial 
sections of the brain were cut, stained with cresyl violet, counter-stained 
with Morgan's stain, and exainmcd microscopically to eliminate those 
animals with extracortical legions and to determine the extent of cortical 
ablation. This was accomplished by cutting serial, coronal sections ten 
mien thick and drawing every tenth section. The nmoiint of damaged 
and undain,iged surface cortex was actually measured from these draw¬ 
ings No attempt wns made to measure the hippocamp.nl or concealed 
cortex The measurements were then expressed as the percentage destruc¬ 
tion of the totnl nco-cortex of a hemisphere. It was found that the average 
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extent of destruction in the two groups of nnitnals was very nearly the 
same, being 33 0 per cent (range 271 to 42 9) in the group running the 
maze in the original orientation and 324 per cent (range 210 to 39 0) in 
the group running the mirrored maze The destructions in all cases in¬ 
volved chiefly the motor and common sensory areas of the cortex, although 
in eveiy case the visual area was invaded to some extent anil in a few 
cases the lesions extended into the auditory area 
If, according to Oiton and others, the cngramic representation m the non- 
dominant hemisphere, when freed largely from the influence of the dominant 
hemisphere, expresses itself in a motor pattern, the mirrored image of that 
which IS the ordmaiy expression of the dominant hemisphere, we might 
expect that lats with a substantial percentage of their dominant hemisphere 
destroyed would show a better performance on the mirrored maze than 
the group delegated to run the maze in its original orientation Wc have 
found, on the contrary, that at the end of the ninth trial nil of the group 
running the maze in its original orientation had reduced their time and 
error scores to the level at which they completed their initial learning prior 
to the operation, whereas only one of the group running the ma^e in mir¬ 
rored orientation had reached that level of efficiency The average time 
and enor scores for tlie former group at the end of the ninth trial fol¬ 
lowing the operation were 4.5 seconds and 0 errors The average scores 
for the latter group on the ninth trial were 12 0 seconds and 2 errors 
The one exception to violate the rule of poorer performance m the group 
running the mirrored maze, namely rat 5, hod the least cortical destruction 
of any of the rats in either group—21 per cent Although Lashloy and 
Wiley (S) report in a recent study that there is no critical amount of 
destruction below which lesions me relatively inelleciive, yet the continuous 
curve of such relationships which they present shows a markedly accelerated 
form for lesions above 15 to 20 per cent Hcncc It is quite possible that 
rat 5 with ns little as 10 to 11 per cent destruction (based, os Lashicy'a 
percentages were, upon the entire neo-cortex of both hemispheres) had 
sufficient amount of the dominant hemisphere left to enable him to learn 
the miirored maze as a new pattern In agreement wilh this explanation, 
rat 5 did not exhibit n complete transfer of handedness in the post-opcrntivc 
tests but manifested considerable degree of ambidexterity throughout It 
13 perhaps reasonable to suppose that the rest of the animals which per- 
foimed on the mirrored maze had sufficient amount of the dominant hem¬ 
isphere destioyed to render them incapable of such reorganization, and 
had only the engram of the non-dominant hemisphere to guide them It 
18 , of course, entirely possible that these rata might have learned the inir- 
roicd maze ns a new pattern with the remaining portion of the dominant 
hemisphere, although the statistically significant tendency on the part of 
these animals to make errois in the mirrored maze which corresponded to 
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correct responses in the original maze pattern argues ngalnst this possibility, 
Our results therefore suggest that in the rat the engrammic representation 
for tins maze pattern is identical m the two hcmisphereg with respect to 
orientation This is coutrnry to the engram orientation of the two hern- 
lapheres which has been suggested by clinical and experimental material 
concerning the expression of motor patterns in man. The difference might 
be attributed to a variation in ncuiol development In rats and men, for 
although Forlnyn (2) and Craigic (1) both concluded from histological 
studies that the rat has the same coitical laminations as man, there are 
of course differences m complexity The additional fact that a preferential 
use of one hand in reaching for food may be shifted to the other hand by 
nppropiiatc destruction of cortical tissue in the dominant hcmiaplierc, pre¬ 
sumably on a preferential basis without observable paralysis, suggests a 
significant degree of aimilaniy in neural function so far ns possible 
dominance of one hemisphere over another is concernet! It was thought, 
however, tliat the results reported here may have been conditioned by the 
face that maze running is a task involving the entire organism as opposed 
to the activity of a part, an example of which in human activity would 
be writing 
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THE INFLUENCE OF THE TEACHER'S HANDEDNESS ON CHIL¬ 
DREN’S REVERSAL TENDENCIES IN WRITING 

Winifred Day Kirk and Samuel A Kirk 

It has frequently been reported that tmrror-wntlng is more common among 
left-handed than among nght-handcd children [Beelcy (I), Burt (2), Car¬ 
michael and Cashman (3) and Gordon (5) One explanation offered for 
the difference la related t<j discrepantiea between the hnndciineaa of the 
teacher and that of the child [Dearborn (4) and Kirk (7)]. For cx,- 
ample, the left-handed child may conceive of writing in motor terms, sub¬ 
ordinating visual imagery. It is apparent that if the child whose handed¬ 
ness differs fiom that of his teacher attempts to icproducc the inoUou made 
tn writing rather than the appearance of the symbol, his result will be 
a mirrored reversal of the symbol. If the teacher's right hand moves from 
the center of her body outward, ond the left-handed child repeats a cor¬ 
responding movement with his left hand moving from the center of his 
body outward, his movemenc will be the reverse of the teacher's 
Hegge, Sears and ICtrk (d) report the successful treatment of n left- 
handed mirror-wnter by temporarily changing the handedness of the 
teacher. It was noted that the child repeated the correct motion, though 
reversed by the use of her left hand When the teacher shifted to his left 
hand in writing at the blackboard, the child imitated the motions correctly, 
forming the letters m proper orientation The authors believed that it 
was this change which corrected reversal tendencies in the child There 
has been no experimental evidence, hovrever, to show that the left-handed 
child does repeat the motion rather than the appearance of letters. Neither 
has the theory been disproved In ao attempt to find evidence either for 
or against the theory, the following expeiimcnt was conducted 


Subjects 

The subjects consisted of 51 mentally retarded childicn from the lower 
educational range of the Wayne County Training School (32 right-handed 
and 19 left-handed cliildien) and 37 normal and superior children from the 
kindergarten and first grade of the Elementary School of the University of 
Michigan (32 nght-handed and five left-handed children) The two Ivpes 
of children were similar in mental age and educntional standing They 
were all non-readers or fiisl-grade readers Chronological ages, however, 
were quite different—showing no overlapping between the ranges of the 
two types The superior children ranged from four to seven years, the 
subnormal, from seven and one-half to fourteen and one-half years 
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Frocbdurb 

Each subject was presented individually with both lists of hgiircs shown 
in Figure I Four types of presentation were used, however, and both left- 
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FIGURE 1 


and right-handed subjects were divided evenly info /our corresponding 
groups, ns follows' 

For subjects of Group 1, List A was picsented with the left 
hand, then Li<it D with the right 
For subjects In Group If, List A was presented with the right 
hand, tlicn List B with the left 

For subjects in Group III, List B was presented witli the left 
hand, then List A with the right 
For subjects in Group IV, List B was presented with the right 
hand, then List A with the left 

This grouping was made for the purpose of controlling (a) the possibility 
of the hgures presented first influencing the responses to the figures presented 
last; and (&) the possibility of any intrinsic rcvcrsability of the figures. 

After careful directions had been given to the child, tlic figures were 
drawn on the blackboard with somewhat exaggerated motion nnd m very 
large sl?c (12 to 18 inches in height) As soon ns one drawing was com¬ 
pleted, the experimenter stepped in front of U nnd erased it, while the 
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child drew what he had seen (The hand spontaneously used by the child 
was considered hia preferred hand.) 


Results 

The results of all presentations made with the same hand as that used by 
the child were grouped together and compared with the results of all 
piesentations made with the hand opposite to that used by the child This 
was possible since the variable factors mentioned above were controlled 
by the experimental procedure. The results for all right-handed and nil 
left-handed subjects are given In T.iblc I (No diflcrcntintion here wns 


TABLE 1 

Showing Reversals Made dv Chitorbn When Faptrimentpr Uses Same 
AND Opposiib Hand 



Right-handed 

Left-handed 



Hand used by 

subjects 

subjects 

Total 

Same 

Opp 

Same 

Opp, 

Same 

Opp 

experimenter 

Number of cases 

6* 

(>4 

24 

24 

88 

88 

Total number reversals 

73 

SO 

23 

18 

96 

98 

Mean number reveisals 

114 

12S 

96 

7S 

109 

l.tl 

Dili 


91 


1 16 
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% mnhing more re« 
versaH than when E 







uses other hand 

33 

28 

42 

21 

34 

27 


made between the results of subnormal and superior children, since, ns will 
be seen in Table 2, the slight differences between results were in the same 
direction for both types ) 

TABLE 2 

Showing Rpversals Made dy SunNORMAi. and Superior Ckiidren 

All right-handed AH right- and left- 

subjects handed subjects 

Hand used by Subnormal Superior Subnormal Superior 

experimenter SOSO 


Number of cases 

32 

32 

32 

32 

51 37 

Average IQ 

62 

62 

120 

120 

64 121 

Total no leversals 

28 

29 

45 

SI 

91 103 

Mean no reversals 

88 

91 

1.41 

1 59 

1 78 2 78 
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Table 1 shows that for neither the right-handed subjects nor the left- 
handed subjects was tlicre found a reliable difference between the reversals 
made when the expcrimentei used the same hand as the child’s and when 
he used the opposite hand. The data was also analyzed to see if a greater 
percentage of the subjects made more reversals when the experimenter 
used one hand than when he used the other. By tins criterion the differences 
are again sligiit, and even tend to show more reversals when tlie experi¬ 
menter used the same hand. When all fiS subjects aie gioiipcd together, 
icgardlcss of handedness, the results arc still less slgnlHcnnt. 

Furthermore, the data on our few cases show no difference between the 
aveiage number of reversals made by the light- mid left-handed children 
This could be calculated only for the subnormal children since of the 
normal and superior children only five were left-handed The 19 left- 
handed subnormals made an average of 1 79 reversals, while the 32 right- 
handed subnormals made an average of 1 78 reversals 

The only reliable difference found was that between the reversals made 
by the subnonnal children as compated with those made by the superior 
children. These d.tta are presented m Tabic 2 The slight differences be¬ 
tween presentations with same and opposite hands tend m the same direction 
for Loth types of children When wc compare (be mean number of re¬ 
versals for all subnormal children (178) with the menu for all superior 
cliildren (2,73) we find a statistically significant difference. This indicates 
that the younger (superior) children made appreciably more reversals than 
did the older (subnormal) ones. This is very possibly due to the difference 
in chronological ages, and tends to explain why (m Table 1) the right- 
handed children seemed to make more reversals than did the left-handed 
childrcn—all but five of the left-handed childien were aubnormnl. The 
results tend to corroborate the theory that orientation in reading and wilt¬ 
ing is based on maturation and experiential factors and has q tendency to 
improve with age and experience 


CoNci uaioNa 

1. The hand used by the experimenter did not determine reversals made 
by children of the opposite hand preference Our results offer no ex¬ 
planation of why mirror-writing should be more frequent among left- 
handed children than among right-handed children 

2 Among the small group of subnormal children studied, the left- 
handed subjects did not make rnorc reversals than the right-handed sub¬ 
jects 

3 The younger (superior) cliildicn made mote rcveisals than did the 
older (subnormal) children The indication seems to be that correct orien¬ 
tation in writing is baseil on maturation or cxpcucutinl factors or both 
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DELAYED RECALL OF PREVIOUSLY MEMORIZED MATERIAL 
AFTER TWENTY YEARS 

Maoorah E Smith 

This study is an analysis of the degree of recall and factors determining 
the remembiance of poittons oi material memorized perfectly some 30 years 
previously and not reviewed or recalled for at least 20 years 
The material so memorised was the entire number of 107 answers to 
the (luestions In the Westminster Shorter Calechism, a task which the 
writer began a few days after her eighth birthday and finished during 
lier thirteenth year The method followed was one of distributed practice 
The task of memorizing one new answer wns nssigncd the child each 
Sunday but after every ten answers so learned reviews of answers learned 
80 far were interspersed At the time of each recitation the meaning of 
the answer was carefully explained. After the catechism h.id been gone 
through in this manner once, a review followed during which the task 
consisted of relearning from five to ten answers each Sunday until it >vaa 
thought that sufficient mastery had been secured to enable the child to 
repeat at one sitting the answers to all the questions m order This was 
successfully accomplished when she was twelve years old 
The eailler answers wcic oveilearned to a greater extent than the 
later not only because they were more frequently reviewed in the procedure 
described above, but also because there was incidental practice in listening 



478 


SHORT ARTICLES AND NOTES 


to and hearing the recitations of younger members of the family still m 
the earlier part of the book and through the nature of the Sunday lesson 
assigned ua a substitute when the catechism had been learned This waa 
the learning of the proof texts appended to the answers As this new 
task was begun but never finished, the earlier qiicstrona again received 
attention, the latter did not, Exposure to the Incidental reviews at home 
and elsewhere became less frequent upon the child's departure to boarding 
school and censed altogether more tlian twenty years ago. Recently the 
catechism coming to hand suggeated that here was an opportunity to study 
some factors involved in an unusually delayed recall 

Recitation of the answers was therefore again attempted nnd it was 
found that S4 or 50 per cent of them could still be given perfectly Id 
response to the questions, 44 more with a little prompting, and the remain* 
ing nine answers could be recalled only after considerable help. 

As It was realized that the first part of the book bad received more 
practice than tlic rest nnd it wan noted that the first 11 answers had been 
perfectly repeated but none of the last 14, the answers were divided into 
five groups of 21 or 22 each according to their numerical sequence. The 
percentage of correct answers m the groups in order were 71, 68, 88, 59 
and 19 each lUit the third and fourth groups contained twelve questions 
asking for the "new commandment," "preface to the ten commandments," 
and each of the commandments, all of which had received some intervening 
incidental recall during the period of disuse of the remainder of the 
material and they wcic all perfectly known. Not counting these answers 
then, the percentage of right answers in groups three nnd four becomes 
32 and 17 respectively. Evidently primacy and extra repetitions in the past 
were an important factor in determining present recall 

There is a great variation m the length of the different answers, the 
number of words in them ranging from eight to 60 words exclusive of 
the two longest commandments. Separating the nnswcis into groups ac¬ 
cording to their length and excluding the commandments again, it was 
found that 73 per cent of those with 20 words and less were perfectly 
recalled, 56 per cent of those with 21 to 30 words, 19 per cent each of those 
in the groups of 31 to 40 and 41 to 50 words and one of those which 
exceeded 50 words in length That there is a relation of present recall 
to length of answer seems evident. 

In answering the questions, considerable help was received both nt the 
time of first learning and at the recent attempt to recall from the fact that 
in several of the answers some of the words in the queations were repeated 
with only such changes as arc necessary in changing an intcnogatlve 
sentence to a declaiative Accordingly the answers were again separated 
into three groups, those in which more than ten words of the question 
were repeated in the answer, those in which five to nine words were, and 
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those in which less than five were Of the first group, 73 per cent; of 
the second, 38 per cent, and of the third, only 36 per cent had been 
perfectly recited, But if we do not Include those answers which, although 
repeating the worda of the queotion, do not do so in practically the same 
sequence or only after or when interspersed with long phrases and clauses, 
67 per cent of the first, S+ per cent of the second and 43 per cent of the 
third group had been still remembered correctly 
The answers Were next studied to determine the effect of pleasantness 
and unpleasantness on delayed recall Some of them refer to God's 
providences, benefits bestowed upon mao in this life or in heaven and 
salvation Such answers for one who believed them Implicitly as the child 
did were felt to have a pleasant connotation while those that dealt with 
duties, “man's estate of sin and misery,” the wrath of God and punish¬ 
ment were considered to have an unpleasant moaning Some questions 
were about evenly divided between unpleasantness ond pleasantness and 
were classed in a separate group. A third classification was of answers 
that were neutral in tone, mainly those that were purely theological When 
the answers were thus classified, It was found thot iZ per cent of the 41 
“unpleasant" answers were remembered, 15 or 52 per cent of the 2? neutral, 
but only 11 or 73 pec cent of “pleasant” were lecalled. Of the nine which 
contained both elements only two were remembered eicrictly. 

Another method of studying this same factor was tried, in an endeovor 
to separate its effect from that of the other factors ndectlng the case of 
recall To do this each answer waa given a difficulty score by ossignlng 
a value of aero to those containing 20 words or less and adding one point 
for each additional ten words or fraction thereof up to SO, plus one point 
if It was in the third quintile in numerical order of questions and two points 
if in the fourth or fifth qumtiles; plus one score point If the answer repeated 
from five to nine words, two if less than five words of the question, nnd 
an extra point if such repetition was not in the helpful sequence. Results 
are shown in the following table 

TABLE 1 


Numoer of Answers Correct In Relation To Difficoltv Score 


Difficulty score 

0 

1 

2 

3 

4 

S 

6 

7 


Perfect recall 

2 

7 

13 

4 

10 

5 

0 

1 

42 

Not perfect 

0 

0 

2 

8 

14 

12 

9 

8 

53 

(The 

commandments are 

not included) 





When one studied the answers not known, although easy enough to score 
foul or below, and those known, even if scoring three nnd above, it wafl 
found that of the former 64 per cent dealt with iinpleaiant topics, 28 per cent 
were neutial and only 8 pet cent pleasant but of the latter 42 per cent were 
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unpleasant, 37 per cent neutral, and 21 per cent pleasant There fs there¬ 
fore an excess of 22 pci cent of the iinplcnsant among tlio unicmembeied 
group and of 13 per cent of the pleasant in the recalled group, One of 
the answers pertaining to duty yet remembered treated of the sancti/ication 
of the Sabbath and was frequently referred to in tlie home as guide for 
determining the propriety of various occupations on that day. It might 
almost have been included m the apecinlly overlenrrved group. Of the 
two easiest answers forgotten, one (No 36) lists a senes of five phrases 
describing benefits which have no obvious logical connection and thus 
presents a clifiiculty not measured The hardest answer remembered 
(No 87) was clnsaed as containing both pleasant nnd unpleasant ideas, 
Perhaps “repentance unto life” which, although leftrnng to the sinner's 
sin and hatred of it, is more pleasant than otherwise with its emphasis on 
a “saving grace” and “God’s mercy.” 


TABLE 2 

NuMorRs OF Answers RecalLpd Pi.Riicri.Y and Tiiosi Nor So Rlcalled 
WiiJi Tiiur Dimcornr Scoius 


No. 

Score 

ReenUed 

No 

Score 

No 

Not 

Score 

recalled 

No 

Score 

1 

2 

+1 

1 

12 

4 

71 

4 

2 

2 

12 

com 

13 

3 

72 

4 

3 

1 

43 

com 

Id 

5 

74 

4 

+ 

2 

45 

com 

18 

3 

75 

4 

5 

2 

49 

com 

19 

4 

77 

5 

6 

3 

51 

3 

20 

3 

78 

4 

7 

2 

53 

com 

25 
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SI 

5 
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2 

57 

com 

26 

2 

85 

5 

9 

2 

60 
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27 
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86 

5 

10 

2 

63 

com. 

11 
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S9 
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11 

2 

64 

4 

35 

4 

90 

5 

H 

2 

66 

5 

36 

2 

91 

5 

15 

0 

67 

com 

38 

4 

94 

7 

17 

1 

68 

4 

44 

3 

95 

6 

21 

4 

69 

4 

46 

4 

96 

7 

2? 

4 

70 

cOm. 

47 
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97 

7 

23 

2 

73 

com 

48 

4 

98 

6 

24 

2 

76 

com 

50 

4 

99 

6 

25 

4 

79 - 

com 

52 

3 

100 

6 

29 

1 

80 

5 

54 

3 

101 

7 

30 

1 

82 

2 

55 

3 

102 

7 

31 

5 

S3 

4 

56 

4 
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7 

32 

1 

84 

4 

58 

5 

104 

6 

34 

3 

87 

7 

59 

6 

105 
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37 
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88 

4 

61 

5 

106 

6 

39 

1 

92 

5 

62 
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107 

7 

40 
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93 
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To summarize this study of recall after over 20 years’ 

1 Fifty per cent of the originally memorized material Tvhich consisted 
of 107 answers to questions In the Westminster Shorter Catechism was 
still lemembercd perfectly and only S per cent of the answers required 
more than a little prompting. 

2 Frequency of repetition during the period of original learning, either 
on account of more frequent reviews, incidental outside contact, or special 
stress at the time of learning as m the case of number 60, was an im¬ 
portant factor m determining which answer would be recalled 

3 None of the material which received incidental recall during the 20 
years of no practice was forgotten, 

4 The ease of the aaswer as determined by its length and the mimber 
of words from the question repeated at the beginning of the answer was 
another factor determining recall 

5 Those answers with the pleasanter connotation were better remem¬ 
bered than those with an unpleasant significance 

UntoenUy of Honmii, 

Honolulu, Havian 


NOTICE CONCERNING DISCONTINUANCE OF FOREIGN 
LANGUAGE ABSTRACTS 

Carl Murchison 

Because of the general lag in publication, and the relatively large amount 
of total space occupied by foreign language abstracts, we have decided to dis¬ 
continue the publication of these French and German abstracts We lYill 
publish such abstracts as have already been arianged for, but will he unable 
to prepare additional ones This change in policy will release for publica¬ 
tion purposes approximately 100 pages of space, annually, \a the venous jour¬ 
nals under this editorial supervision 

Clark University Press 
Woicesiei, Massachuseits 
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Carl Murchison [Ed,] Handbook of Child Psychology (2nd ed, 
rev.) Worcester, Mass • Clark UniversUy Press, 1933 Pp xii+956 

The first edition of the Handbook of Child Psychology was an cnormoiialy 
important contribution It presented a summary of an amazingly rich 
collection of scientific studies, the material of which was but imperfectly 
known by psychologists generally, and the very existence of which had 
hardly been hinted at, cvcn» by the tiitkei popularized elcrnentary text¬ 
books which were, at least until that time, the only general presentations 
of the work in this field In fact, the first edition was such a very significant 
landmark m the history of child psychology that one might he forgiven for 
attempting to lewrite the story of Cinderella, taking the field of child psy¬ 
chology as the modern Cinderella-—hard-working, faithful, and skilled at 
many tasks, though sneered at by her hnughty sisters in psychology and 
compelled by them to sit i« the corner of the kitchen—and casting the 
editor and authors of the Handbook as the fairy godmother who arrays 
Ciadecelln in garmenta befitting her excellent nature, thus producing a recog¬ 
nition of her real worth 

Hut if the first edition wfli Cinderella aftci her fairy godmother first 
decked her out, the second edition is Cinderella after the fairy godmother 
hnd sent her to college, fed her on spiimch and vitnintnes, and gathered 
together some additional good qualities which even Cinderella herself did 
not realize that she possessed, and which the godmother previously over* 
looked because there was so much else to do in the excitement of getting 
the young lady to the ball for the first time. There arc few books that a 
psychologist mlglit own which would do more to keep him abreast of the 
work in his field than the one under discussion Tlic more recent Hand' 
book of Generni £x^enwc»lflf Psychology nnd Handbook of Social Psy¬ 
chology are even larger volumes; but if one were to remove from these 
three books the material contribwted by biologists and physiologists, it is 
not at all sure that the present volume would take even second rank with 
respect to the quantity and quality of scientific work—and work of general 
psychological interest, at that—represented m them 

Main Chances from the First Edition 

The decided increase in length is the fust change that impresses one 
The first edition was no slight volume, but the xecoiul edition, taking into 
account the mcrcnsc both in the number and in the si/c of the pages, has 
had the actual text increased by approximately 43 per cent 

The second change one notices is that the 2+ chapters of this edition have 
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been grouped into five parts dealing respectively with the methods of child 
psychology, the development of behavior before birth, the development of 
behavior aftef birth, factors that modify child behavior, and stiidica of 
special groups This nev? mechapical feature of the book has decided 
value, for, in the main, the chapters fall legitimately into these five divU 
sions, and it helps the reader to See the material in proper relationship 
when this organization is given. 

The most important modification, however, consists m the charges m 
the composition of the Ha7idbook In fact, one would be about half justi¬ 
fied in speaking of this edition, not as a revision, but as a new book, be¬ 
cause eight of the 22 chapters of the first edition have been eliminated, and 
ten new chapters, occupying 48 pei cent of the space in this second edition, 
have been substituted for them Of these new chapters, three are to some 
degree aubatitutions for certain chapters omitted in the revision, but even 
disregarding these three, the other seven new chapters comprise 37 pei 
cent of the new edition. A stronger and better-balanced volume has been 
produced, by these changes. Nevertheless, the chapters omitted hnd con- 
aidernble merit, and If they give the first edition of the Handbook a con¬ 
tinuing usefulness tills fact would not be at all surprising To those who 
are familiar with the first edition this will be apparent from the following 
list of the chapters omitted 

"Eating, sleeping, and elimination,” by Helen T Woolley, 

"The experimental construction of an environment optima) for 
mental growth," by Susan Isaacs, 

"The developmental psychology of twinsV’ by Arnold Gesell, 
"Physical growth and motor development and their relation to 
mental development in children," by Beth Wellman, 

"Children’s drawings,” by Florence Goodenough, 

“Childien’s plays, games, and amusements,” by Helen Marshall, 
"Children's dreams,” by C W Kimmins, 

“Psychoanalysis of the child,” by Anna Freud 

The preface to the second edition explains these omissions by saying 
that "Chaptets on topics not subjected to continued research have been 
omitted.” This may indeed account for several chapters. However, it would 
seem that a more important reason, with some of the chapters at least, was 
that they were too restricted in scope The topic of childien’s dreams, for 
example, is ati interesting one, but, as a subordinate part of the phenomena 
of personality m children, it is by no means coordinate m scope with the 
other chapters So likewise with a number of the other chapters omiued 
The chapters that h.ive been added are scattered thiough all of the 
five parts except the first. However, 't wrU ht noticed from the following 
list of new chapters that the topic which has received most additional 
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stregg is tlie topic of prenatal and infant development, Not only do four 
of the new chapters deal principally with this period, but It is to be noted 
in addition that the chapter by Caimichael is ao extensive that it occupies 
one-scveiith of the space in the book, instead of the one twcnty-fouith that 
might be considered its nominal share The added chapters are 

"Oiigin and prenatal growth of behavior,” by Leonard Car¬ 
michael, 

“The reonate,” by Karl Tratt, 

"Maturation and the patterning of behavior,” by Arnold GcscH, 
"Locomotor and visunl-mnniial functions In the Hrst two 
years,” by Mary Shirley, 

"The mcasuremeot of mental giowlh,” by Florence Good- 
enough, 

"Sex differences," by Beth Wellman, 

"Speech pathology,** by Lee Edward Travis, 

"The physiological appetites," by William E Blat?, 

"The child with difficulties of adjustment," by Plivllis Blanchard, 

"The adolescent clidd," by Lcta S. Ilolhngworth 

These otnisslaus and additions arc not the only changes in content, how¬ 
ever All of the fourteen chapters carried over from the first edition 
have been revised to some extent, except (he chapters by Piaget, Kluver, 
and Margaret Mend. The extent of these revisions is indicated with some 
measure of ncciifflcy by the fact that in the eleven chapters tiuit have been 
revised, the number of references listed has jumped from 8G0 to 13S2 
However, the amount of change differs greatly in the various chapters 
In certain cases the only changes were the inscition of brief discussions 
of a few new references. Other chapters have been worked over very 
completely—particularly the chaptcis on "Emotional development” by Mary 
Cover Jones and on "The gifted child" by Lewis M Tcrman and Barbara 
Burks F.iirly extensive changes have been made in tlic chapter on "Chil¬ 
dren's moralg” by Vernon Jones Further comments on these changes will 
be made below in discussing the individual chapters 


Discussion And Criticism of tiiii Inrividuai. Chaptlrs 

This section of the review svill not aim at completeness As already noted, 
about half of the chapters in this edition remain at least in great part as 
they were in tlie first edition These will receive relatively little comment 
here, both because many psychologists will alicndy have foimcd first-hand 
impressions of them, and also because the first edition received a rather 
full and exceedingly splendid review by Bnibara Burks (/ Genet. Psychol, 
1932, 41, 240-248) Any render who desires a fuU discussion of this second 
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edition IS advised to refer to Misa Burks’ review also, because the following 
connments are intended to supplement her earlier comments rather than 
to repeat rrhat has previous}} been said Even with this restriction, how¬ 
ever, there will hardly be space for the citation of evidence to support 
the evaluations made, and the review will have to be rather dogmatic in 
character The chapters are discussed in the order of their occurrence in 
this edition 

Part I is composed of the rather mechanical and uninspired chapter by 
John E Andeison on “The methods of child psychology" In the revision, 
a few insertions of nevr material have been made (as, for example, some 
new citations of discussions and illiistfationfl of methodology, and brief 
discussions of psychoanalysis and of factor analysis as methods of child 
psychology), but except for such minor changes the chapter stands un¬ 
changed At scattered points Anderson’s comments are highly cogent, but 
at quite a few other points (see pp 8-9, for example) the discussion is 
wabbly and even misses the essential points entirely. The chapter would 
be considerably improved if it were overhauled thoroughly from the stand¬ 
point of the clearness and precision of its thinking The organization 
would be much improved if the discussion of particular methods, which 
occupies the largest part of the chapter, had dealt scpaiatcly with the 
methods related to what the author desciibes as the two fundamental 
methods of approach m research in child psychology—the normative 
approach on the one hand, and the law-yiclding 0 i nomothetical 
(what he unwisely calls the "experimental”) approach on the other hand 
His consideration of these two things together results m jumbling the dis¬ 
cussion aomewbat, and in slighting rather seriously the methods related 
to the normative approach. Another weakness of this section is that the 
methods are discussed without relating them to the problems on which they 
arc used As the chapter standsj it contributes little to the purpose of the 
volume to minister to the needs of those already fairly well at home in child 
psychology 

Part II IS composed of the single new chapter by Leonard Carmichael 
on the “Origins and prenatal growth of behavior.” The chapter Is a very 
capable and scholarly piece of work, and gives a careful and critical review 
of a great range of important expcrimentaf work The drat two-dfths of 
the chapter describes the work on mfra-human dcvclopinent, discussing 
m successive sections the lower veitebratcs, birds, marsupials, rodents, and 
cats The remainder of the chapter discusses human fetnl development, 
giving a history of theories regarding the nature of prenatal development, 
and discussing successively the means of expressing and estimating fetal 
age, the genertil bodily development of fetuses, non-operntive studies of 
behavior development in fetuses, studies of behavior in operatively removed 
fetuses, the special senses in human prenatal life, and the question of what 
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factors cause the dLvelopment of prenatal behavioi. The chapter ia not an 
easy one to read, crammed with factual material as it is. However, the 
material is of considerable significance because of its bearing on a number 
of important and highly controversial aubjccts in psychology, and the 
chapter richly repays anyone who worts through it The only serious 
adverse criticism is that no treatment la given (except in connection with 
the problem of breathing responses) to flic question of whflt edcct chemical 
factors have on the behavior of the fetus and, indirectly, on behavior m 
later years. Just js textbooks in embryology have so consistently re¬ 
stricted their discussions to anatomical structure and have neglected the 
physiological aspects of development, so it 13 understandable that psy¬ 
chologists would tend to think of fetal behavior in terms of reactions to 
Btitnnli, and would neglect the possible influence of chemical factors. There 
IS enough known to suggest that such influences are exerted, and the prob¬ 
lem IS important enough as a research field to have wairantcd tlic presen¬ 
tation of what knowledge there is 

Part III, on ‘‘Development of child behavior after birth,” U the longest 
division of the Handbook, Its ten chapters comprising 42 per cent of the 
total The chapters svithin this division arc arranged at least roughly in 
the order of complexity of subject maUcr, the enrly chapters being con¬ 
cerned largely witli mntuiationnl eiFccls, and the Inter ones dealing with 
behavior that involves more and more the influence of cultural factors 
The first chapter In this division, by Karl Pratt on ‘‘The neonate,” is so 
closely allied to Carmichael's that it may be well to speak m terms of the 
comparison between them. Of the two, Pratt’s chapter is somewhat more 
readnblc, but less complete in its utilization of available mntcnal, and 
somewhat less mature in its critical evaluations nnd general theory Its 
discussion of neonatal sensitivity 19 thorough, but its description of the 
reflex equipment and patterns of response of the ncon.ite is rather sketchy 
On the latter topic the serious render would do well to supplement this 
presentation with several articles by Wnync Dennis in the last few years 
A few scattered corrections are needed, ns in the statement implying that 
the galvanic skin reflex is not to be observed in the first year, and in the 
statement that the Russian physiologists have maintained that conditioned 
reflexes cannot bc established below the age of about three to five months 
In the mam, however, the chapter is a very good piece of work, and is 
a definitely valuable addition to the ffaRd^ooil 
Arnold Gcsell’s ‘‘Maturation and the patterning of behavior” overlaps 
in a few respects some of the material in the chapter in the first edition 
by the same author, on ‘‘The developmental psychology of twins " However, 
the main piirpoaea of the two chapters arc different, and the largest part 
of the material in the first edition is not included in this. Here one finds 
primarily a general disquisition on the principle that the “manifestations of 
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derejop/nent . . , como from inner compulsion and are primarily organized 
by inherent inner mechanics and by an intrinsic physiology of development" 
(p 332) The chapter can be divided into four mam divisions dealing 
respectively with (1) the definition of such general terms as development, 
growth, maturation, and learniog, (2) general biological principles re¬ 
garding the r6!e of the genes, and of maturational factors generally, as 
determinants of physiological development, (3) maturation as the basis of 
much of the development of behavior in infancy, and of learning, intellectual 
development, and affective hfe m later years; and (4) maturation os n 
regulating factor operating to prevent unusual environmental Influences 
from producing too unusual deviations from the norm Gesell’s general 
argument ia good, but it suffers from being carried too far, as when he 
declares "However potent and pervasive social environment may be, basic 
organization of the higher thought processes is probably determined by 
primary ordering factors within the growing orgamsmic pattern" (p. 226). 
Such may be the case, but such n jump is necessary from his evidence to 
this conclusion, and his discussion is so empty of any suggestions for re¬ 
search whereby the conclusion could be given more meaning, that one 
suspects such statements rest only on the enthusiasm of the author for the 
general concept of maturation. The evaluation of this chapter is difficult. 
One warning that should be given is that many of its sentences need to be 
read and re-read before their meaning emerges surely (and even then the 
haze docs not always clear) The most serious weakness of the chapter 
is perhaps the fact that It bus, to too great a degree, the nature of a dis¬ 
cussion designed to prove a general proposition. It does not yield mony 
suggestions for experimental investigation, and docs not consider any of 
the arguments Of evidence opposed to the point of view it defends. 

Mary Shirley's chapter, "Locomotor and visual-manual functions in the 
first two years," is devoted principally to two topics, the discussion of which 
is considerably intertwined development of infant behavior from the stand¬ 
point of norms of development, and development of behavior from the 
standpoint of the sequence of development Of the two topics, it is the 
second which receives the more prominent consideration. Shirley makea the 
interesting observation that the biographical studies of infants, although of 
course inadequate as means of securing norma of development, nevertheless 
contribute almost the only studies available on the sequence of infant 
development The data from these biographical studies arc organized 
and presented in relation to the corresponding data from the studies by 
Shirley and by Charlotte Buhler. Considerable attention is given also to 
some specialized studies of the development of hand reactions and of walk¬ 
ing This chapter is another fine addition to the Handbook It is easily 
read, has well-digested presentations of experimental work, and seems very 
sound in its general interpretations This chapter, together with Car- 
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michacl'8, afforda m mtercatiriB answer to the frequeju nasertion that the 
maturation doctrine is more or less inevitably an obstruction to resenreh. 

Mary Cover Jones’s '‘Emotional development" is a very considerable re¬ 
vision and improvement of her chapter in the first edition on "The condi¬ 
tioning of children's emotions" Ilei discussion concerns these topics- the 
problems of what the primary emotional patterns nre, and whether there 
arc any unlearned emotional icspooscs; the development of emotional re¬ 
sponses through mutiirntion, ihe aiinpUr experiments on emotional habits; 
the nature of the sUnatmns that nre cvocatwc, and the nature of the re¬ 
sponses made, in the ease of different specific emotions at children, the 
lelation of internal niul overt expression of emotion, and, finally, per¬ 
sonality-test studies of emotional stability and of delinquency. The ma¬ 
terial on these topics la covered clearly and effectively, but the value of 
the chapter is limited through the circumstance which she characterizes 
very well in her summary: 

, although the cm of speculation ... has given way to a 
period of cxtiemcly active empirical study, our methods of 
investigation are still in a relatively crude state and we still 
have numerous controversial issues which do not yield readily 
to experimental attack (p. 298) 

As the author states, lioi discussion is devoted principally to tlic theoretical 
aspects of emotional dcvciopinciit rather than to the practical aspects, the 
latter being reserved for the chapter by Fliylhs Blnnclinrd on "The child 
With difliciiltics of adjustment" In addition, however, the author has 
limited her treatment in still onotliei respect, by virtually restricting her 
discussion to laboratory cxpcriinents, simple obscivntional studies, and 
testing studies, The consequences of this restriction is that there is a 
considerable gap—in fact, almost a clinsm—between her chapter and 
Blanchard’s. This gap would have been smaller if she had discussed a 
number of problems tiint icst at least on good clinical evidence and which 
arc very important for the envisagement of the thcorciic.il problems of 
emotional development. There is no discussion, for example, of the sig¬ 
nificance of emotions ns forms of motivation, or of the principle of substi¬ 
tute response in emotional behavior (except for an incidental comment in 
the di«ciission of jealousy), or of the more complex phases of emotional 
development The discussion siiffcis somewhat from the fact that the 
author seems still too entranced with the conditioning theory of learning 
She disavows any reason for using conditioned-response teiminology ex¬ 
cept that of convenience, but no mateiial is given which indicates any 
inadequacy in the Iraditional condilioncd-iesponse intci pretntion of emo- 
tionnl development 

The new chapter by Florence Goodenough on "The mensurement of 
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mental growth” is one of the high points of the volume It deala with the 
more fundamental problems of mental test construction and interpretation, 
and with the interpretation of the results which have been secured on aiicb 
matters as the curve of mental growth, the predictive value of teat scores, 
and the intercorrelation between different traits. In other words, Good- 
enough has made no attempt to give a catalog of what mental tests have 
been devised, how adequate their standardizations were, or by whom or for 
what pui poses they have been used. Rather, she has discussed those 
problems which a person must understand m order to possess a mature 
and critically sound understanding of research on mental tests, and which 
one must take into account in planning research that uses mental tests as a 
too! A somewhat smaller number of references ate cited than in many 
of the other chapters, but the references used were chosen with great dis- 
cnminution, and represent those studies that have been particularly sig¬ 
nificant in contributing to such a sophisticated understanding of mental 
test work A few of the topics in the chapter might well have been de¬ 
veloped more fully, but talccn as a whole, this is the most distinguished 
piece of woik, from the standpoint of theoretical adequacy, in the whole 
volume 

The succeeding chapter by Dorothea McCarthy on ''Language develop¬ 
ment" Is another very fine contribution In its style It is more like Car¬ 
michael’s chapter—careful, thoioogh, very compactly written, and well 
organi7cd. It covers a great range of research, and docs it well In the 
revision this chapter has been carefully worked over, both as regards addi¬ 
tions of new material and ns regards many detoils of expression and of 
organization. 

The excellent chapter by Charlotte Buhler on "The social behavior of 
children” has been enlarged by the addition of new material at scattered 
points, but otherwise is unchanged The only serious adverse criticism 
that can be made of this discussion is that it draws almost exclusively on 
German and Austrian studies for its material. A valuable complement to 
It IS found in the section on social behavior in Stoddard and Wellman’s 
recent "Child Psychology” The latter is also a careful and stimulating 
discussion (and fortunately is one of the more readable portions of their 
book), and the American studies of social behavior in children are llie ones 
stressed by it These two papers on the early development of social be¬ 
havior present a wealth of material which will prove of arresting interest 
not only to child psychologists, but to social psychologists as well. 

Joseph Peterson’s "Learning in children” is a chapter which has been 
icvvacd with the aid of the grafting knife, hut which should have been 
revised with (he pruning hook or the ixc Its pages are cluttered with 
dead wood, and it has little justification for being the second longest chapter 
in the book Learning is an important topic, of course, in child psychology; 
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but It should be rcinenibeiecl that the subject of learninf? is considered al 
perhaps n dozen other places in the book, ns in the disciiHsions of emotional 
development, language development, social behavior, speech pathology, and 
behavior difficulties With the materiol on learning in these special fields 
thus eliminated, there is not a great ({iiancUy of work of high scientific value 
remaining for this discussion It is cliic/ly the lavish use of space which 
causes this chapter to be so long Very detailed descri|)tions (up to foui 
pages for a single studv) are given of experiments that employed such 
small groups that the results hove little significance. And in ii number of 
these eases, the lesults arc given both in tables and in graphs Such a 
practice may be desirable in original reports (though with studies of as low 
reliability as many of these, even (hn is i|UC3tio!i.ibleI, but the duplication 
docs not belong here. Or again, in describing the disc-transfer problem, a 
full half-page is taken for a cut shovrmg that a board is used winch has 
three circular areas on it—as though the nature of the thing could not be 
grasped from n few simple words In the textl A full page is devoted to a 
table showing the reactions of a college sophomore on Peterson’s rational 
learning problem—more space that tells the reader nolbmg tlinl he would 
not have expected after leadmg the tlcscnption of the nature of the prob¬ 
lem. Another page is given to a table showing the age norms for (he 
rational learning problem as administered In a form which Peterson aban¬ 
doned in 1P23. A half page is given to a cut sbowinR the learning curve 
on this problem of 19 aubjccts—age, race, cducnuonal status, and every¬ 
thing else unspecified Still other instances might be noted. And yet, sur¬ 
prising m view of this generous use of space, much of the significant ma¬ 
terial on teaming in children is not considered For example, there U 
nothing on studies of conditioning in children either by Amcucan or Rus¬ 
sian workers, nothing on reminiscence In children, no mention of some of 
the classical experiments on transfer of iiaimng, and no mention of 
Gates's study of the influence of active recitation. There are some good 
sections, such as the snmmaiy of Hazlitt’s check of Piaget’s experiments on 
thinking, .ird the very good summary of Woodrow’s experiment on learning 
in normal and feeble-minded children of the same mental age, but as a 
whole the chapter is distinctly unsatisfactory 
Vernon Jones's chapter on "Childreti’a morals'' is, appropiiately enough, 
a very conscientious piece of work, and affords a very excellent survey of 
objective-test studies of moral behavior The chapter, however, is not 
equally fine in some of its general thcoietical aspects, although this portion 
of the discussion has been improred in the revision Seiious objection can 
be made to the treatment given the inatciLal on the relation of intolUgcnce, 
age, sex, race, and nationality to individual differences in moinhiy In 
the section on "Indiience of intelligence," for instance, matciinl is piescntcd 
showing that Terman’s gifted children ranked higher on character tests 
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than did the control children, that the 4000 deUnquents reported by Hcaly 
and Bronner had an average IQ of only 90, etc. No mention is made of 
the superior environments which the gifted children had, nor of the social, 
racial, and other factors affecting the IQ’s of Healy’s subjects The dis¬ 
cussion IS qualified only by the concluding paragraph of the section, which 
states definitely that the preceding discussion was not intended to imply that 
differences of intelligence were causally related to differences in morality. 
The treatment of the influence of nge, »ex, race, and nationally is analogous. 
Now, no objection can be made to this material in itself. It is good material 
for Introducing a discussion of these factors on inornlity. But, why was 
material of this sort, developed no further than it was, placed in a division 
headed “Nature's contribution to individual differences in morality”—a 
division which begins, moreover, with the sentence. “Having considered the 
individual differences which exist in moral behavior, we are immediately 
faced with the problem of the causes of these differences"? If these sec¬ 
tions weic not intended to imply any causal relationship, why were they 
put in a division thus headed and introduced? And still further, why does 
the discussion not continue into the problem of whether these various factors 
arc causally related to nnorality? The heart of scientific inquiry docs not 
consist merely in determining relationships, but consists in determining 
essential relationships Moreover, there are good data, as foi example in 
Healy'a material, to answer the question as to** whether causal rciations 
do exist here. In view of these limitations, it might be well to mention 
that a good supplement to this portion of JoneVs chapter is to be found in 
the discussion of delinquency in Curti's "Child Psychology^' Another of 
the less satisfactory features of this chapter is that the problem of morals 
18 treated in relative isolation from the other phases of personality (there 
IS no mention, eg, of the frequent relation between neuroticism and 
scrupulosity) This separation is a typical weakness of discussions of 
moral behavior; but m a psychological discussion it is particularly desir¬ 
able to get away from this old limitation. Perhaps part of the reason for 
this shartcoming is that the author confines himself so largely to objective 
test data, and draws on case studies only for their general statistics nnd 
conclusions regarding the influence on moral behavior of various environ¬ 
mental factors The last part of the chapter discusses motivation anti 
learning in relation to moral behavior, but the discussion in this section 
depends in good part on speculative works and on cxpeTimBnts which only 
by extrapolation could be considered as bearing on moral behavior 
The last chapter in Part 111 « Jean Piaget’s brief account of "Children's 
philosophies,” which has not been revised. It is difficult to see why this 
chapter was left unchanged. In the first place, although its material (a 
summary of Piaget’s findings on realism, animism, and artificiulism) is 
interesting and significant enough, this part of Piaget’s work is hardly 
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more significant than many other parts The disciis&ion would not have 
encroached on the othei chapters, and would have been much more deserv¬ 
ing of its place in the Ifaudhtt^k, if it had covered the broader topic of 
"The nature and development of cliildtcn’s thinking'' Furthermore, if 
Piaget 18 not Interested in relating his observations to the work and criti¬ 
cisms of others, It would seem desirable to secure an author who would 
give a more complete and critical account of the work on children's think¬ 
ing. There is enough evidence (o indicate that some of Piaget’s own 
conclusions arc in need of critical fc-evalu.ition 
Part IV, "Factors that modify child behavioi," opens with the masterful 
chapter by Harold E Jones on "Ortlci of lurih” The author reveals clearly 
and skillfully the dangers of interpretation involved in research on this 
topic, and uses this analysis very capably to evaluate the welter of evi¬ 
dence available Tlie conclusions of the discussion nrt negative, bin posi¬ 
tive notions are so common both in clinical discussions and in lay thought 
that it IB important to have these negative conthisions established so care¬ 
fully. The revisions in this chapter arc minor ones. 

The next chapter, by Kurt Lewm on "Environmental forces," is likely 
to occnsion at least as much controversy as any othei m the llondbook 
Unfortunately, its placement in the volume will probably tend to increase 
tho confusion apt to chnractcri7c this controveisy, and many of the re¬ 
marks by Lewin are likely to operate in this same ducttion. What I refer 
to IS the fact that this chapter is not at nil a discussion of ''environmental 
forces" m the sense in which this expression normally would be understood, 
and that, moreover, the purpose of this chapter is csscntinlly different from 
that of tho othoto \t\ Part IV It dcaU vmh otwtronYftcntal factoto oftly «\ 
the scn»e of n set of symbols rcprcacnting not only the physical .and social 
environment of the child as peicewed by the child, but also the motivations 
and meanings ordinarily thought of ns existing vitthin the child Lewin’s 
piicpo'e 18 not that of 8«mmari/ing what is known regarding the influence 
of even this broadci range of factors, but is rathci the aim of picscnting 
a conceptual system which he believes will fascilitatc the problem of under¬ 
standing and investigating the reactions of children to specific situations 
The reactions of many psychologists to this disciisaion doubtless will be 
unfavojable It will be snid that all of Lewin's principles can be expressed 
adequately in the familiar terms of the natuie of the external situation, the 
motivations of the child, the child's conditionings towaid his environment 
(or the meanings which the environment lias for the child), etc—and that, 
m shoit, although some of the cxpeiimcnts which lie describes arc ingenious, 
the conceptual system which he erects is but an nwkwnid translation of more 
generally used principles The answer l« stich ciiticisms winch occurs to 
me, and which I think might well have been prcsciiti’d in this chapter, is 
that Lewm'a system possibly has the merit of enabling one to deal with 
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complex aituntions as -wholes by its reduction of qualitatively different 
things to commensurable terms. Psychologists of all schools are quite ready 
lo agree that behavior cannot be adequately described unless it is con¬ 
sidered aa a reaction to the total situation, but practical difficnltiea arise 
when one tries to think m terras of such “total situations,” These diffi¬ 
culties arc the things that give Lewin’s concepts their possible value, for 
it may be that his proccduie of translating motivations into environmental 
forces (oi, moie specifically, “valences”), meanings into “distances,” '‘direc¬ 
tions,” and “barriers," etc, will give a conceptual system which will facili¬ 
tate this importantj but ticklish, task of visualizing the total situation In 
which any reaction occurs Lewin docs not defend his system in thii 
mannei, but depends rather upon the descrmtion of a luimbcr of experiments 
and observations by himself and his students that iflustrate the meaning, 
and tend to demonstrate the methodological effectiveness, of the way of 
thinking about child behavior which ho has developed. A much more 
appropriate Setting for this discussion would be a part which miglit very 
well be created on “Mam ideological and methodological systems for the 
study and descilptiou of child behavior” It should be mentioned, last of 
all, that this chapter has been revised rather extensively, chiefly with the 
intent of making the principles clearer, and also by the addition of new 
illustrative matctial 

The new chapter by Beth Wellman on “Sex differences'* is a relatively 
brief, but very able summary. The plan of the chapter is distinctly differ¬ 
ent fiom that of the others With each sub-lopic, Wellman states the con¬ 
clusions chat seem warranted on the basis of the available evidence, and 

then cites in lump fashion the group of references fiom which the conclu* 

shna were drawn Tkh plan compe}a one either to take on faith, or c)sd 
to search out for oneself, the evidence for the conclusions given, and there¬ 
fore has disadvantages in comparison with the laborious demonstrations of 
H E Jones However, considering the relative uniformity of the results 

in this field and the great number of relevant studies, one can but be 

grateful to the autlioi for choosing this style 

The new chapter by Lee Edward Travia on “Speech pathology” is an¬ 
other discussion that seems misplaced For, of course, speech pathology is 
not a general factor modifying child behavior, like birth order, sex charac¬ 
teristics, or physiological appetites, which arc present in all children, but 
is on the contiary something that characteiizes n snnnll minority of children 
In addition, Travis makes very little effort to show how speech difliciiltica 
affect the lest of a child’s life His material is picsentcd as bearing on the 
specific processes and pioblems of speech pathology Part III would there¬ 
fore seem to have been the more appropiiate section for this discussion 
However, Travis' chapter is undeniably a worthy addition to the Tlnndbook 
It IS especially ample in the matter of evidence tending to support the 
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neurological interpretation of stuttering The chapter seems out of pro¬ 
portion in a few respects, however. No mention is mniJc of the fact that 
stutterers typically do not stutter when they arc by themselves or in situa¬ 
tions in which they have full confidence. Such facts do not necessarily 
disprove the evidence of the iieiirological studies, but they nre important 
neveitlieless in indicating that probably any neurological explanation must 
be qualified by a consideration of other factors ns well Such omissions 
can hardly be excused on the grounds of lack of space, because, for example, 
a rather appreciable discussion is devoted to aphasia and other speech dis¬ 
orders resulting from neurological lesions Except in very rare cases, it is 
hard to sec how such mateiinl belongs in this chapter, unless Travis in¬ 
tended to deal with the second childhood as well as with the first. 

Heinricli Kluver’a chapter on "Eidetic Imagery" is unchanged except for 
the addition of one reference This la another ch.ipter that has received a 
rather questionable placement, because Kluvcr sees no reason for discussing 
eidetic imagery from the standpoint of its possible significance for child 
behavior or child education, but treats it simply as on observed phenomenon 
which characterizes some children. 

The new chapter by WiHiam Bl.ntz on "The physiological appetites" will 
prove a surprise to any render who infers from the title that the discussion 
will draw heavily on physiological lescaich Such is not the case. The 
discussion docs concern what DIntz calls the six principal physiological 
appetites—hunger, thirst, elimination, rest, change, and sex—but, except for 
fleeting comments, the consideration of these is psychological and practical, 
rather than physiological Perhaps the best charactcrirntion of the chapter 
IS given in the last paragraph, m which Bintz speaks of the mntcil.il pre¬ 
sented as a "plan of training," and ns a “clinicjl pliilosuphy " Such being 
the case, this ch.iptcr corresponds somewhat to the one by Helen Woolley 
in the first edition It is broader in scope, however, both as icgards the 
number of motives considered and in the adequacy with which these appe¬ 
tites and their influence on activity arc treated One flaw in the chapter is 
Its lack of conciseness Furthermore, some of the minor points seem dubious 
—as for example, the argument on p. 729 that a child's enjoyment or dislike 
of a food la not the factor that controls Uls behavior, but that Ukes and 
dislikes arc the result of approaching and withdrawing attitudes that have 
been set up by past training (I presume that this is the James-Lange theoiy 
of emotion, in disguise). As a whole, however, the chapter shows the 
results not only of intelUgcnce and good sense, but also of extensive prac¬ 
tical experience in work with infanta nnd preschool children 
Part V of the Handbook, "Studies of special groups," opens with a chap¬ 
ter on “The gifted child" by Lewis M Tcrman nnd Bnrbnia Burks This 
IS a very considerable enlargement of Termnn’a chaptci on the same subject 
in the first edition. The changes consist rnainly in the inclusion of sum- 
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mariea of material from a much greater number of studies of gifted chil- 
dren, and of an extension of the discussion of the education of gifted 
children nnd of the significance of studies of gifted children for the Inter¬ 
pretation of genius The chapter is a well-balanced and very capable piece 
of work. 

Rudolf Pintner’s valuable, chapter, "The feebleminded child/’ stands 
almost unchanged, the only alterations in the text being those on pages 
814, 829, 830, 834, 83S, and 836, each change, being only the addition or 
change of a sentence Somewhat more ample additions might not have 
been out of order The recent book by Doll, Phelps, and Melcher on 
"Mental deficiency due to birth injuiies,” for instance, gets only the pass¬ 
ing recognition of this sentence “Birth injuries may sometimes lead to 
mental deficiency according to Doll ei (p 834) If Plntner was aiming 
at brevity, it is difficult to see why he inserted anything but the number 
referring to this item in his bibliography, for the sentence says nothing not 
contained in the title of the book 

Leta S Hollingworth’s “The child of special gifts or special deficiencies,” 
was in need of drastic revision, but it stands virtually unaltered. The 
chapter is not up to the level of the test of the book 3!t is written as 
though the leader were not expected to understand the meaning of a corre¬ 
lation coefficient; whereas, of couise, if this typified the preparation of a 
reader, heaven help him with the rest of the volume I There are quite a 
few statements in the chapter that seem highly questionable and even objec¬ 
tionable Some examples are the following. 

The IQ ... 18 the quantitative statement of the amount of 
general intelligence, or g, which characterizes any child 
(p. 843) 

Ability in probleraa can probably not be greatly affected by 
drill, since “a problem” is, by definition, something that requires 
adjustment and not the response of automatic habit It there¬ 
fore caffs on generaf inteffigence and cannot be improved after 
the mechanics of reading and of calculation have been mastered 
up to the limits of capaci^. (p 851) 

"Social intelligence” is, in all probability, not a specialized set 
of mental functions, but merely an optimum section of the curve 
for g (determined by ratio to the median intelligence of the 
led), combined with certain physical and temperamental traits. 

(P 853) 

It IS true, as Hollingworth says in the early part of her chapter, that the 
investigation of these special abilities and disabilities has not been extensive 
yet, but at least there is material which demands a much more adequate 
treatment than the present one 
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The new chapter by Phyllis lilanchard on “The child with difficulties of 
adjustment" discusses the causation and treatment of delinquency and of 
emotionnl jn. dxildten This chapter has a number of cor¬ 

respondences with that in the first edition by Anna Freud on "Psychoanaly¬ 
sis of the child" for m addition to some natural aimilarUy in 9iib)ect maUer, 
there is some tipprcclnhle resemblance in interpretations Blanchard’s 
discussion reveals that sJie is highly conversant, as well as sympathetic, 
with the psychoanalytic methods and concepts. As n matter of fact, in dis¬ 
cussing the causes of delinquency she showa perhaps too much tendency to 
rely on psychoanalytic explanations, and docs not have enough of a socio¬ 
logical or social-psychological approach to these problems. Little attention 
IS given to the rather considerable evidence that a great deal of delin¬ 
quency is due to the meanings, or definitions of situdtions, which some 
children very noimallv possess as a result of the influence of thcli social 
environment Another difficulty with this chapter is that there exists 
too great n gap between it and the chapters on emotional nnd social devel¬ 
opment which should have led up to it Of couisc, several remedies will 
suggest themselves for this gap. Probably n number of psychologists will 
feel, "Why not get someone to deal with tins problem who won’t dabble 
around in tlic tangle of psychoanalytic piinciplcs, but who will stick to a 
straight psychological interpretation of difficulties of child ndjiistmcnti"’ 
TJie difficulty with this suggestion is that, among those woikers actually 
dealing With ndjvisltncnt problems, there has been ft steady and increasing 
trend toward tlic utilization of psychoanalytic principles, whether expicssed 
m the orthodox terminology or translated into some new set of terms Such 
being the case, it would be both presumptuous and unwise for wockcri 
In general child psychology to insist that their concepts should be used In 
this much more complex field of personality difficulties The solution of 
the piobicm would seem to me to be rather to rccogni/c the existence of tins 
gap as indicating a real need for another chapter in the Handbook Both 
from an ideological and methodological standpoint psychoanalysis represents 
such a distinctive nnd iropoitant approach to the problems of child psy¬ 
chology that it might reasonably be given inoie definite repi esentation The 
chapter by Anna Freud, however, hardly met tins need, nor perhaps ■would 
any chapter written by any regular psychoanalyst, because they are too con¬ 
temptuously negligent of academic psychology to know how to integrate 
their work with ordinary child psychology And that is what would be 
needed most in such an additional cbaptci—to show resemblances, conflicts 
of principle, etc The chapter should be written by someone who lias n sym¬ 
pathetic understanding both of psychoanalysis and of those jiortions of child 
and general psychology bearing on similar problems, and who also is able 
to view both fields objectively and ciitically It slioiild include at least 
an elucidation of child-paycUoanalytic methods and piincvplea, a ciiticisnv 
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of these in the light of general p&ychology and in the light of ordinary 
logic (sec, e g., the review by R R Willoughby of Melanie Klein’s “The 
Psycho-analysis of cliildien,*' / Soc, PxycAal, 1933, 4, 257-260), and a criti¬ 
cism of ordinary child psychology m the light of psychoanalytic work, 
Blanchard doe^ accomplish these purposes to some degree, but her responsi¬ 
bilities to the topic of the chapter preclude her giving the more comprehen* 
sivc view of the pioblcm vrhich seems to be needed. 

Another new chapter is Letn S HoIlingwortVa on "The adolescent child." 
The chapter is virtua/fy a condensation of her book, "The psychology of 
the adolescent," and has the virtues of that simply written, but very wise, 
discussion In other words, the discussion is centeied around the main 
problems of adjustment that the adolescent has to accomplish, rather than 
being Organized piimarily with reference to what topics have been given 
extensive rcseaich development. 

The last chapter of the book is the stimulating one by Margaret Mead 
on "The primitive child" It is unchanged from the first edition 

General CRirtcisMs of the Handdook 

The first general criticism which is demanded by a volume such as this 
is a criticism of its choice of topics and distribution of emphasis. A num> 
her of comments have oiready been made on this matter, and need not be 
repeated One further suggestion, however, ss that it is very surprising 
that the part on "Factors modifying child behavior" does not include a 
chapter on hereditary influences 

A second general criticism concerns the type of treatment given the 
various topics by the difTeient authors A diversity of types of treatment 
is present in this volume, as has been noted above In the mam, this 
diversity is not an undesirable characteristic, because, despite the differ¬ 
ences, almost all of the chapters have been mature and scholarly pieces 
of work, and the different topics, moreover, demanded rather different 
styles of treatment In some fields (he possible research prohfems have been 
fairly completely mapped out and developed. In such fields, of course, the 
style of treatment can be mainly that of the historical summary In other 
fields the situation is different and demands another approach. 

However, although considerable diversity in style may be legitimate, the 
Handbook would be definitely improved if there could be a rather generdl 
shift in style in many of the chapters in the direction of providing a richer 
theoretical setting for the discussion of specific past research It is true 
of moat of the divisions of child psychology, as a number of the authors 
have remarked regarding tJicir specific fields, that many of the most Im¬ 
portant hypotheses aie as yet untested, and perhaps to date are not even 
generally recognized as problems needing investigation Such being the 
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case, what would seem deshable with each topic would be to place the 
summary of past work m the framework of a critical discussion, first, of 
the mcthodologicnl principles of that particular field, and second, of the 
issues which, on the basis of all direct and indirect evidence, seem to be the 
ones on which rcaearcli ought to be done in order that the field would be 
adequately developed, Child psychology, dcapitc all the work that has 
been done, la still far fiom being a finished science Such being the case, 
the good child paychologlat is not (he person whose mental equipment is 
composed solely of knowledge of the past icscarch in the field, but is the 
one who is able to see, as well, (he gaps in this rcscaich and the means 
whereby these can be filled 

It perhaps would be a risky thing for the Il/indbook to try to develop 
in this suggested direction, because the technique for describing nnd evalu¬ 
ating past lescarch has become much more standardized and dependable 
than perhaps can ever be the case with the task of formulating the hypothe¬ 
ses that arc needed to round out fully the development of any topic. If 
the style of treatment could be developed in this direction, however, it 
might considerably increase the value of the Ilaudbook, because it would 
promote a belter understanding of post research studies through assisting 
the reader to sec tliom in proper perspective, and It would, as well, afford 
considciable stimulation nnd guidance for further rcsc.ncli 

This llauelhook is not perfect. There is still room for development and 
improvement. However, it would be a mistake to end on a negative note, 
because the reading of the Handbook Itself leaves one with quite n difFcront 
impression—an impression of deep icspcct for this solid nnd scholarly piece 
of work There is no doubt but that the reading of this volume will richly 
repay those psychologists whose inicrcst is serious enough to make them 
willing to read and ponder its pages 

KonFRT LEFI'ER 

Cornell College 
Mt Vernon, Iowa 
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